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 1 General introduction 
 
The reason to conduct this research was the introduction of the Basisvorming in 
secondary education in the Netherlands in the 1990s. In this reform mathematics 
teachers were expected to implement new teaching strategies in the context of a new 
curriculum. This study focuses on the professional development of mathematics 
teachers on teaching statistical literacy as part of this new curriculum. I designed and 
evaluated a professional development trajectory, in which a small group of 
mathematics teachers from one school collaborated during network meetings on the 
design of statistical research projects for 7th grade pupils, aged 12-13 years. With this 
study, I aim to identify how teachers’ development of practical knowledge progressed 
and which aspects affected this development. 
 
1.1 Mathematics teaching in The Netherlands 
In the Netherlands, some major educational reforms in secondary education were 
implemented during the last 20 years. All these innovations aimed at reducing the 
dropout, improving the throughput rates of schools, improving the connection to 
further education and creating more equal educational opportunities for children, in 
other words to enhance the efficiency and quality of secondary education. 
In 1993-1994 a new curriculum for the first three years of secondary education (In 
Dutch: Basisvorming) has been implemented. All pupils, aged 12-15 years, followed 
the same subjects – among others, languages, mathematics, history, arts and sciences 
– and had to achieve the same core objectives. In 2001 a new curriculum for the last 
two or three years of secondary education (In Dutch: Tweede Fase) was implemented. 
This part of secondary school allows for differentiation by means of subject clusters 
that are denoted profiles. The four profiles are: ‘nature and technology’, ‘nature and 
health’, ‘economy and society, and ‘culture and society’. 
 
In my study, I am particularly interested in the challenges the Basisvorming, the start 
of secondary education, poses to teacher professionalization. The definition of 
Basisvorming was formulated by the WRR (1986, p.8) as ‘(…) giving common and 
general education in intellectual, cultural and social fields, which serves as a basis 
for further development, for useful functioning as a member of society and a sensible 




choice of further education and of a profession’. In order to fully participate in 
society, all pupils need a common knowledge base. Therefore, the government aimed 
at achieving minimum goals for all pupils. This meant that all pupils in lower 
secondary education had to meet a number of established core objectives, which could 
be worked out differently for the different levels in secondary education (Harskamp & 
Suhre, 1997). In the Basisvorming this is thought to be realized by emphasis on 
acquiring basic skills and content that are essential for the functioning in society and 
indispensable for further development (see Wielemans & Vermeerbergen, 1990, 
p.59).  
 
An important principle of the Basisvorming is the emphasis on the application of 
knowledge, on the development of cognitive and social skills, and on coherence 
between subjects, known as ‘Application, Skills and Coherence’ (in Dutch: 
Toepassing, Vaardigheden, Samenhang) (Harskamp & Suhre, 1997; Van Luyn, 
1998). This principle emphasizes that not only knowledge, but also practice and skills, 
including research skills, are considered important (Inspectie van het Onderwijs, 
1999). In addition to the structural changes in secondary education the teaching 
process should be changed. For example, the TVS-characteristics implied pedagogies 
like inquiry-based and collaborative learning (Roelofs & Houtveen, 1999). 
 
In lower secondary education in The Netherlands, there are nine core objectives 
pertaining to mathematics. These core objectives are formulated in general terms. 
Schools can choose their own curriculum to realize the core objectives taking into 
account learning characteristics of the pupils from the own school. The core 
objectives focus on giving pupils an active role in learning math skills and ways of 
thinking, as they reflect ‘communicate with mathematics’, ‘use mathematics’ and 
‘doing mathematics’ (SLO, 2007). This is consistent with the above mentioned 
emphases of the Basisvorming, as pupils become aware of mathematics in society. 
The following core objectives of mathematics in the Basisvorming (Ministry of 
Education, Culture and Science, 2006; SLO, 2007, p.6) play an important role in my 
study:  
1. The pupil learns, alone and in cooperation with others, to recognize 
mathematics in practical situations and to use mathematics in order to solve 
problems; 
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2. The pupil learns to set up a mathematical argument and distinguish from 
opinions and assertions, and he learns, while respecting other people's ways of 
thinking, to give and receive criticism; 
3. The pupil learns to use informal notations, diagrams, tables, graphs and 
formulas to get grip on relations between variables; 
4. The pupil learns to systematically describe, organize, and visualize data and he 
learns to critically evaluate data, representations and conclusions.  
Core objective 1 does not describe the contents of mathematics, but it indicates what 
pupils are expected to learn in mathematics and how they should learn. Core objective 
1 also includes pupils working in groups. Core objective 2 relates to mathematical 
argumentation and core objective 3 relates to presenting data in tables or diagrams. 
Core objective 4 relates to statistics, in particular to the key concepts ‘Data 
collection’, ‘Draw conclusions’, ‘Research’ and ‘Measures of center’ (SLO, 2007).  
 
The reform plans for secondary education obviously affected the mathematics 
curriculum. As early as 1986, the then State Secretary Ginjaar-Maas stated that a new 
mathematics program for lower secondary education had to be developed urgently. 
The Freudenthal Institute, together with the National Institute for Curriculum 
Development (SLO), laid the foundation for the renewal of mathematics education in 
the Basisvorming with the W12-16 project. A number of domains from the old math 
curriculum were replaced by other subjects, with the emphasis on algebra, geometry, 
arithmetic, information processing, statistics and ‘Integrated Mathematical Activities’ 
(In Dutch: Geïntegreerde Wiskundige Activiteiten) (Kok, Meeder, Wijers & Van 
Dormolen, 1992). The W12-16 project aimed at offering meaningful mathematics to 
all pupils. In the past, the entire mathematics course aimed at providing pupils a broad 
basis in mathematical knowledge and mathematical thinking, instead of focusing on 
the needs and abilities of pupils, taking into account their knowledge and their talent 
(Kok et al., 1992). The new program related to three areas: society, profession and 
further education, with the intention to provide students with mathematical knowledge 
and skills useful not only in later life, but also at the moment of learning the 
mathematical concepts (Kok et al., 1992; Oud-de Glas & Schuyt, 1989). With the 
introduction of the Basisvorming, applications got a bigger place in the program at the 
expense of formal mathematics and algebraic techniques and algorithms (Goffree, 
Van Hoorn & Zwaneveld, 2000). For mathematics teachers, the new program marked 




a new effort because they were faced with new types of assignments for pupils, new 
classroom activities, teaching of new skills and applying new pedagogies. 
 
Although the core objectives of the W12-16 project were not developed from a 
specific pedagogical perspective, they clearly reflect the principles of Realistic 
Mathematics Education (RME) (Kok et al., 1992; Van den Heuvel- Panhuizen & 
Wijers, 2005). RME was developed in the 1980’s and has widely disseminated in 
mathematics education in primary and secondary schools. According to Vos (2002, 
p.31), “RME is characterized by the understanding that mathematics is an integral 
part of real-life. Thus, mathematics is taught, not for its beauty, but for its 
applicability”. Earlier, Gravemeijer (1995, p.18) stated: “Unlike traditional 
computational mathematics, in realistic mathematics education students are expected 
to justify their solution strategies, listen to others, try to understand the proposed 
solution strategies, and if necessary ask for clarification or criticize solutions from 
others”. So, RME involves applications of mathematics linked to the daily life of the 
pupil. Students can propose realistic solutions and then discuss these solutions with 
each other, in order to choose the best solution. Vos (2002) mentioned that the 
development of Dutch mathematics education went hand in hand with international 
developments. She noticed that the Dutch curricula wandered through three stages, 
namely from being subject-centered, to being society-centered, and to finally 
becoming person-centered (see Marsh & Willis, 1995). This meant moving from 
stressing pure mathematical theory and techniques to using real-world situations and 
applied problems. In RME, the mathematical content is embedded in contexts, in 
order to make mathematics meaningful to students. Teaching becomes therefore more 
student-centered, which is the last of the phases mentioned by Marsh and Willis 
(1995). 
 
The integrated mathematical activities are used to develop skills as mentioned in the 
core objectives of the Basisvorming, such as ‘pupils learn to recognize mathematics in 
practical situations' (see above). In integrated mathematical activities, which are 
about integration of mathematics with the world around us, pupils gain experience in 
applying mathematics in realistic situations or in practices from other subjects. For 
this purpose, heuristic methods are often used, as they can help pupils in targeted 
search for a solution to a problem (Van Streun, 1989). The teaching methods for these 
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activities can be very diverse, but options are assignments to individual students, 
group assignments, homework assignments, projects and presentations (Meeder & 
Schoemaker, 1992a). The goals of integrated mathematical activities are: (1) pupils 
get acquainted with mathematics that plays a role in topicality, (2) pupils get 
acquainted with mathematics that plays a role in conjunction with other subjects, (3) 
pupils learn to practice the use of their mathematical baggage in real life situations 
(Meeder & Schoemaker, 1992a). 
 
Statistical research projects, in which pupils perform activities, such as collecting, 
describing and organizing data, processing data with the computer and interpreting the 
output, provide such an interface of mathematics and society. In the W12-16 program 
a module ‘Data and Statistics’ was developed for pupils aged 12-16 years. This topic 
was included to show pupils, on their own level, how mathematics is used in a society 
where data and mathematical models play an important role in making decisions. A 
central place in this module is occupied by graphical representations. Central 
activities within ‘Data and Statistics’ were (1) to retrieve relevant information from 
complex graphical representations, (2) statistical modeling, and (3) statistical 
reasoning (Meeder & Schoemaker, 1992b). 
 
1.2 Statistics education 
 
1.2.1 Statistical literacy 
There is no other subfield in mathematics that is so widely applied in our society as 
statistics. In applied sciences, society and the professional world, statistics is mainly 
about collecting data and about drawing sensible conclusions from these data. 
Statistics teaching focuses on learning to reason with statistical concepts and attaching 
meaning to quantitative information. Many types of statistical arguments combine 
ideas about data and probability, which result in drawing conclusions (including 
uncertainty factors) and interpreting statistical results. Such arguments are based on 
key concepts such as distribution, central value, spread, correlation, uncertainty, 
coincidence and sampling.  
Garfield and Gal (1999) distinguish several objectives in statistics teaching, including 
the understanding of the research process and mathematical concepts as well as 




mastering skills in collecting and processing data, interpreting and critically assessing 
results and reasoning on the basis of statistical concepts. These competencies have 
been denoted as statistical literacy (Schield, 1999; Ben-Zvi & Garfield, 2004). Gal & 
Garfield (1997, p.3, 5) argued that pupils ‘should understand the nature of and 
processes involved in a statistical investigation and considerations affecting the 
design of a plan for data collection’ and that they have to develop interpretive skills 
and statistical literacy. This means that ‘pupils will need to be able to make sense of 
published results from studies and surveys reported in the media or in a workplace 
context. Therefore, students need to learn what is involved in interpreting results from 
a statistical investigation and to pose critical and reflective questions about 
arguments that refer to summary statistics or to data reported in the media or in 
project reports from their classroom peers’.  
Gal (2002, p. 2) noted that the most common interpretation of ‘statistical literacy’, as 
’a minimal (perhaps formal) knowledge of basic statistical concepts and procedures’ 
has expanded with ’desired beliefs, habits of mind, or attitudes, as well as general 
awareness and a critical perspective’. To be statistical literate, one must have the 
ability to read and interpret summary statistics in the everyday media: in graphs, 
tables, statements and essays (Schield,1999), reasoning and arguing with statistical 
concepts (Schield, 2004). One should be able to understand statistical concepts and 
reason at the most basic level (Snell, 1999), and one should also become competent in 
generating and interpreting statistical data. Pupils should be taught the necessary skills 
to collect, process and interpret data using the available statistical subject knowledge. 
They should be able to represent their data with graphs or tables, they should be able 
to reason with their data and they should be able to reflect on their conclusions and on 
conclusions from others (see also Garfield & Gal, 1999).  
 
In the Basisvorming, pupils are introduced to descriptive statistics. Apart from the fact 
that descriptive statistics is used in a wide variety of sciences, it is important to have 
knowledge of its concepts and methods (Gal & Garfield, 1997). The core objective of 
the Basisvorming ”The pupil learns to systematically describe, organize, and 
visualize data and he learns to critically evaluate data, representations and 
conclusions”, includes a contribution to statistical literacy. Performing statistical 
research can be seen as a part of the above mentioned core objective. Statistical 
research requires that pupils must collect and analyze data. They may use this 
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information to process and edit tables, graphs or diagrams and calculate and interpret 
measures of central tendency and spread to characterize the information. Pupils are 
expected to use computer programs with which they can process data, and interpret 
the corresponding output (see also Ministry of Education, Culture and Science, 1998). 
These learning outcomes correspond with standards of other countries, such as in the 
US for statistics education for grades 6-8, such as ‘Formulate questions, design 
studies, and collect data about a characteristic shared by two populations or different 
characteristics within one population’ and ‘Discuss and understand the 
correspondence between data sets and their graphical representations’ (CSSU Math 
frameworks, 2004).  
  
1.2.2 Statistics and the need for inquiry-based teaching  
Goals of statistics education in The Netherlands (and in the US as well) have shifted 
from statistical knowledge and calculation skills towards statistical reasoning or 
statistical literacy (see Burrill, 1991; NCTM, 1989, 1991, 2000; De Lange, 1987). The 
research literature strongly indicates that pupils learn statistical research skills and 
become statistical literate by conducting their own research projects. Moore and 
McCabe (1998), for example, recommend that pupils must experience the process of 
data collection and data exploration first-hand. Doerr & English (2003) present a 
detailed analysis of the thought processes in pupils when making connections between 
different relations, from which they conclude that pupils are very well able to select, 
arrange and weigh data. Based on their review of research literature and their own 
research they emphasize that pupils should conduct their own research projects and 
collect data in order to experience which statistical methods they need to know and be 
able to apply. Chance (2002) shares this point of view. According to Wild and 
Pfannkuch (1999), the ultimate aim of statistical investigation is learning in the 
context domain of a real problem. They state (p.224) that the usual panacea for 
“teaching” students to think statistically is, “let them do projects”. With this, they 
can develop a theoretical structure with which they make sense of experience, to learn 
from it and transfer insights to others. 
As in science education, mathematics education should focus more on inquiry in order 
to meet the needs of the new mathematics program for the Basisvorming. In the past 
two decades, organizations such as the National Science Foundation (NSF), the 
National Research Council (NRC), and the American Association for the 




Advancement of Science (AAAS) have made significant commitments to improve 
science education. One common goal of these efforts is to encourage teachers to use 
scientific inquiry in their instruction as a means to advance students’ understanding of 
scientific concepts and procedures (Minner, Levy & Century, 2010). Minner et al. 
(2010) instructed students via some part of the investigation cycle (question, design, 
data, conclusion, communication) when engaging them with scientific phenomena, 
and used pedagogical practices that emphasized to some extent student responsibility 
for learning and active thinking. In my study, inquiry-based teaching is a pedagogical 
approach that invites students to explore content by posing, investigating, and 
answering questions (see National Research Council, 1996). In statistics, inquiry-
based teaching is suitable for learning and teaching research skills and statistical 
literacy. A possible conceptualization of inquiry-based teaching then looks as follows: 
Pupils will conduct a statistical research project including posing a research question, 
collecting and ordering data, comparing groups, making connections, drawing 
conclusions and reporting. They will graphically represent their data with a computer 
program (for example Excel) and use graphic representations (circle diagram, bar 
graph, histogram) to formulate conclusions (McClain & Cobb, 2001). This approach 
promotes the introduction of statistical concepts and stimulates pupils to reason about 
statistical concepts and their application in various situations (see Tolboom, 2012; 
Garfield, 2003).  
A prerequisite for performing statistical research is following a structured research 
cycle (Pfannkuch & Rubick, 2002). This investigative cycle “concerns the way one 
acts and what one thinks about during the course of a statistical investigation” (Wild 
& Pfannkuch, 1999, p.225). When performing the full statistical investigation cycle 
(Wild & Pfannkuch, 1999), from Problem to Plan to Data to Analysis to Conclusion 
and, if necessary, then back to Problem (the PPDAC model of MacKay & 
Oldford,1994), other elements of statistical literacy are needed than when working 
through the exercises of a traditional textbook for descriptive statistics. For example, 
according to Gal & Garfield (1997, p.13), ‘the challenge in assessment of statistical 
literacy is that it should involve examining not only what pupils can do and how they 
think when asked to, for example, reflect on a report in the media, but also their 
tendency or disposition to do so without being cued’. This requires a different, new 
role of the teacher. 
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Learning in inquiry mathematics classrooms emphasizes the individual's sense-
making processes as well as the social processes. The teacher plays a central role in 
establishing the mathematical quality of the classroom environment and in 
establishing norms for mathematical aspects of students' activity. Teachers can 
provide more structure in this learning process (Chance, 2002). One of the teacher's 
roles in an inquiry classroom is to facilitate mathematical discussions. At the same 
time, the teacher acts as a participant who can legitimize certain aspects of the 
children's mathematical activity (Yackel & Cobb, 1996). Teachers also need to be 
aware of the need to allow, even reward, alternative ways of examining and 
interpreting data (Chance, 2002). Concluding, teachers need to apply other or new 
guidance skills in order to be consistent with this new way of teaching. For the 
innovations of the Dutch statistics curriculum in lower secondary education, this 
means that teachers should acquire novel practical knowledge (see Shulman, 1986; 
Sowder, 2007). The core objectives of the Basisvorming require pupils to learn and 
work beyond the textbook. Therefore, mathematics teachers need to learn to leave the 
method and accept new pedagogies of teaching, like inquiry-based teaching. They 
have to acquire competencies and novel practical knowledge in order to guide pupils 
through research assignments or integrated mathematical activities, instead of 
skipping these assignments in their lessons.  
 
1.3 Implementation of integrated mathematical activities 
The integrated mathematical activities can pay attention to the newly mentioned skills 
in the core objectives of the Basisvorming (see section 1.2). Integrated mathematical 
activities were included in textbooks and in educational materials for teachers (see 
also Kok et al., 1992; Harskamp, De Haan & Van Streun, 2000). However, the broad 
implementation of integrated mathematical activities in Dutch mathematics 
classrooms did not succeed. The Inspectorate of education (Inspectie van het 
onderwijs, 1999) reported, about five years after the introduction of the Basisvorming, 
that the skills to apply the gained knowledge were hardly taught. Two years later this 
finding was corroborated by Van Streun (2001). He noted that pupils in lower and 
upper secondary education were not encouraged enough in their thinking, in learning 
to solve problems or in developing appropriate research skills. There were several 
causes for this. Firstly, integrated mathematical activities were not executed, due to a 
perceived lack of time by teachers (see also Witterholt, 2003). Secondly, the relation 




between the overarching national reform objectives for secondary education and 
suitable integrated mathematical activities and research assignments for lower and 
upper secondary education were not sufficiently clear to teachers (Harskamp, De 
Haan & Van Streun, 2000). Harskamp et al. (2000) contend that to realize the 
necessary changes in teaching practice, a schoolwide, collective involvement in 
analyzing goals and activities, making an inventory of practice and putting in place a 
more systematic and targeted development of research skills would have been 
necessary. Thirdly, teachers did not possess the necessary experience and skills to 
create an inquiry-based classroom, partly because the introduction of appropriate 
teaching methods was not required by school boards (Harskamp et al., 2000). 
Mathematics teachers had little experience in the search for suitable research projects 
(Harskamp et al., 2000). Studies have shown that instruction in mathematics 
classrooms remained overwhelmingly teacher-centered, with greater emphasis placed 
on lecturing than on helping students to think critically and apply their knowledge to 
real-world situations (Taakgroep Vernieuwing Basisvorming, 2003).  
In conclusion, any attempt to induce professional development needs to address: 
1. Time as a limiting factor; 
2. Goals of mathematics education in relation to the school curriculum; 
3. Teachers’ abilities to apply novel teaching strategies. 
 
1.4 Teacher professional development 
In section 1.2 I mentioned that teachers may need to get acquainted with new 
pedagogies of teaching to realise the objectives of the Basisvorming. According to 
Gravemeijer (1995), students are expected to justify their solution strategies, listen to 
others, try to understand the proposed solution strategies, and if necessary ask for 
clarification or criticize solutions from others. Gravemeijer (1995) noticed that it is 
important that the actions of the teacher are consistent with these standards, as 
clarification and especially criticism are non-standard norms in education. Therefore, 
teacher professionalization is important. Existing professionalization strategies do not 
seem to work to equip teachers with constructivist forms of teaching The OECD 
TALIS study (OECD, 2009) shows that teacher professional development is generally 
not meeting the needs of teachers in most countries, for example, in the fields of 
‘student assessment practices’, ‘subject knowledge’ and ‘instructional practices’. The 
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main reason for unfulfilled development (according to teachers) is the conflict with 
their work schedule, but lack of suitable development opportunities is also a 
significant factor (OECD, 2009, p.48). One strategy for realizing teacher change, 
often used in the past, is what Chin and Benne (1969) call the ‘empirical-rational 
strategy’. This strategy assumes that teachers are expected to implement in their 
teaching practice what they are being told. Research has revealed that teachers are 
often characterized as being recalcitrant because they refuse to cooperate, and this 
impedes the process of teacher change (e.g. Duffy & Roehler, 1986; Fullan, 1985). 
Increasing attention has been paid to the so-called ‘normative-reeducative strategy’ 
(Chin & Benne, 1969), which assumes that teacher change must take place as a result 
of reflection on teaching practice, in which consultation with colleagues is an 
important element (Gallagher, Goudvis & Pierson, 1988). According to this strategy, 
the changes take place on the teacher’s own initiative, which is an important 
difference with the strategies in which changes are imposed by school boards or 
policy makers. According to Guskey’s (2002) model of teacher change significant 
change in teachers’ knowledge occurs primarily after teachers have experienced 
evidence of improvements in student learning. Clarke and Hollingsworth (2002) 
emphasize that teachers should be actively involved in programmes for professional 
development and that such programmes must be related to the teaching practice. Little 
(1993, p.147-148) stresses the same, namely that teachers' motives and opportunities 
for professional development begin with working conditions encountered day by day, 
like the teaching assignments they need for their pupils and the allocation of 
discretionary time. Teachers' motivations, incentives, and frustrations come foremost 
from the immediacy and complexity of the classroom: teachers' responses to the 
students they teach and the circumstances in which they teach them. 
In order to deal with the complexity of work during educational innovations, 
collaboration between teachers is considered as becoming more important (Brouwer, 
2011). However, there is no consensus regarding how to define that concept of 
collaboration (Brouwer, 2011; Lima, 2001; Little, 1990). Cordingley, Bell, Evans & 
Firth (2005) and Owen (2003) have refined the understanding of the importance of 
teacher collaboration for professional learning by highlighting the role of joint work 
(see also Little, 1990) and the need for intense and sustained involvement with 
colleagues. According to the Organization for Economic Co-operation and 
Development (OECD, 2011, p.23), teacher collaboration is on the political agenda. 




Teachers work together relatively rarely, but they can do more and they should do 
more to share their expertise and experiences systematically (see also Kok et al., 
1992).  
 
Based on the above mentioned recommendations by Gallagher et al.(1988), Little 
(1990, 1993), Gravemeijer (1995), Guskey (2002) and Clarke and Hollingsworth 
(2002), I designed a professional development trajectory in which teachers work 
together in a network on a statistical teaching design for 7th grade pupils. The 
trajectory provides a framework for studying teacher change and factors that foster or 
impede change. A main purpose of such a trajectory is also to give teachers a hold for 
pedagogical decision-making (see Van den Heuvel-Panhuizen & Wijers, 2005) and 
for sharing responsibility and authority (Imants, 2003). For teachers, this means, for 
example, that they reflect on subject matter, testing pupils and pupil collaboration, 
during which they reconsider their own knowledge and skills (see Shulman, 1986). 
The professional development trajectory in this study is designed according to ideas 
of ‘joint work’ (see chapter 5; Little, 1990). Other principles of the trajectory in this 
study are (1) Teacher development can be considered as a long-term process (Fullan, 
2001), (2) The trajectory is related to teachers’ classroom practice, because it is 
known that all successful strategies are socially based and action-oriented (Fullan, 
2001; Putnam & Borko, 2000), (3) The trajectory builds on collegiate commitment in 
order to increase the collective efficacy of the group (Fullan, 2001; Jackson & 
Bruegmann, 2009). Eventually, the study of this trajectory has to result in 
(recommendations for) an in-service training for mathematics teachers, when adopting 
inquiry-based teaching to develop pupils’ statistical literacy. 
 
This dissertation aims to identify crucial aspects of teachers’ development of practical 
knowledge to implement inquiry-based teaching. Practical knowledge is the 
knowledge, skills and beliefs teachers need to practice their profession (see Meijer, 
1999). In later chapters, I will further elaborate the concept of practical knowledge. In 
our professional development trajectory, teachers learn new pedagogies, new 
representations of statistical concepts (see Bakker & Gravemeijer, 2004), design skills 
and collaboration skills in order to support and guide pupils who perform inquiry-
based assignments.  
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The main research question of this dissertation is: How do mathematics teachers 
develop their practical knowledge when collaborating on the design and 
implementation of an inquiry-based teaching strategy on statistics for lower 
secondary pupils? 
 
1.5 Design of the study 
The implementation of my study took place in the first years (7th, 8th and 9th grades) of 
lower secondary education in The Netherlands, which also includes the Basisvorming. 
The pupils were aged 12-15 years. I implemented a professional development 
trajectory for mathematics teachers of the same school. The mathematics teachers 
voluntarily signed up for participation in this professional development trajectory. The 
data collection was spread over a period of two years. In the school year 2006-2007 
four mathematics teachers developed a statistical teaching design for 7th grade pupils. 
They came together during six meetings, which I call network meetings. The network 
meetings were led by the researcher, who also acted as facilitator. After the teachers 
developed the teaching design, the design was implemented. After the 
implementation, the design was evaluated in an evaluative network meeting. One 
cycle of developing a teaching design, implementing the teaching design and 
evaluating the teaching design was spread over six months. In the school year 2007-
2008, the same cycle was carried out, with the difference that now the first design was 
improved by three mathematics teachers of the same school.  
As data sources I used concept maps, semi-structured interviews, transcriptions of 
network meetings and lesson observations in both years, but the first group yielded so 
many data that I limited my study to mainly this group. In some cases, I will refer to 
the second year if this provides relevant additional information. 
 
My study has four methodological characteristics that I will explain below:  
1. In my study I seek to determine whether the professional development 
trajectory contributes to teacher change (Creswell, 2012). The aim of the 
intervention is not only to determine existing practical knowledge, but also to 
determine how teachers’ practical knowledge changes during the intervention. 
An important characteristic of the intervention is, that it takes place in 
teachers’ natural environment. This means that I use natural settings, network 
meetings and classroom observations, as sources of data. During network 




meetings, for example, I can show how decisions actually are made, rather 
than how they “should” be made (see Lyle, 2003). According to Lyle (2003), 
naturalistic studies benefit from the minimal intervention in the natural 
activity. Lincoln & Guba (1985, p. 120) advice that "If you want people to 
understand better than they otherwise might, provide them information in the 
form in which they usually experience it". The researcher attempts to observe, 
describe and interpret settings as they are, maintaining what Patton (1990, p. 
55) calls an "empathic neutrality".  
2. My study may be considered longitudinal, as the professional development 
trajectory became part of the community of mathematics teachers of the school 
for two years, although with a varying composition of participants. According 
to Sztomka (1993), the idea of change apart from time is simply 
inconceivable. Saldaña (2003) mentions that, during long-term engagement, 
researchers can focus on how people think, feel, and act from moment to 
moment to capture in-depth perceptions and meanings, to extract stories for 
narrative inquiry, and to log rich details for individual biography. 
Additionally, researchers learn how human actions and participant 
perspectives change during the course of a study. In order to collect evidence 
of change, Saldaña (2003) specifies nine months as a minimum length of 
fieldwork time in educational settings. 
3. My study is a case study. According to Creswell (2007, p. 73), this is ‘a 
qualitative approach in which the investigator explores a bounded system (a 
case) or multiple bounded systems (cases) over time, through detailed, in 
depth data collection, involving multiple sources of information (e.g., 
observations, interviews, documents, reports), and reports a case description 
and case-based themes’. A case study focuses on the diagnosis or evaluation 
of a specific situation (Wester & Peters, 2004), which is examined during his 
natural function (Peters, 1995). My research involves the study of four 
mathematics teachers while collaborating during network meetings. I observe 
the teachers in the classroom in order to obtain a detailed description of their 
functioning in a collaborative setting and during their daily practice. I describe 
the development of practical knowledge in different, single cases.  
4. I will collect qualitative data, because I need a detailed exploration and 
understanding of teachers’ practical knowledge (Creswell, 2007, 2012). My 
Chapter 1 
  15 
goal is not to enumerate frequencies, but to expand and generalize theories 
about teacher practical knowledge (Yin, 2009). Yin (2011, p.2, 6) articulates: 
‘The allure of qualitative research is that it enables you to conduct in-depth 
studies about a broad array of topics in plain and every day terms’. I collect 
converging evidence from different sources, which are often used to indicate 
teacher change (Meijer, 1999), such as (discussions of) concept maps, semi-
structured interviews, lesson observations and voice recordings of network 
meetings and interviews. The grounded theory approach of Strauss and Corbin 
(1990, 1998) provides a framework to systematically develop categories from 
these qualitative data. These multiple sources of evidence need to converge in 
a triangulating fashion (Yin, 2009). The role of triangulation is of great 
importance, as this methodological technique pertains to the goal of seeking at 
least three ways of verifying or corroborating a particular event, description, or 
fact being reported by a study. Such corroboration serves as a way of 
strengthening the validity of a study (Yin, 2011, p.81) .  
 
1.6 Overview of the following chapters 
In order to answer the research question of this dissertation, four empirical studies 
were conducted and a number of sub questions were formulated and answered. 
Chapters 2 to 5 contain the four empirical studies. These studies can be seen as 
follow-up studies, as the following study builds on the previous one. In short, the 
chosen path of the professional development trajectory in this study is: Clarifying 
teachers’ problems with supervising a prescribed research assignment in the 
classroom (study 1); Revealing teachers’ concerns regarding the implementation of a 
jointly developed statistical teaching design (study 2); An in-depth study on the 
development of teachers’ practical knowledge by means of applying cycles of change 
from the ICMTPG model of teacher change (study 3); Gaining insight in how teachers 
learn to teach inquiry-based pedagogies in statistics during network meetings by 
means of discourse analysis (study 4). The set of findings from the four studies 
enables me to answer the main question of this thesis. The different chapters are 
briefly discussed below. 
 
 




Chapter 2 (study 1) is based on a study that investigates how pupils developed 
research skills in the field of statistics in the 9th grade of secondary education. To this 
end, pupils carried out research, going through an investigative cycle. By means of 
learner reports, pupils reported about what they have learned about performing 
statistical research. It is examined whether a definition and operationalization of 
statistical research skills can take place and whether the statistical teaching design 
would fit into a learning process for students where they can acquire research skills. I 
have used this study to clarify learning goals for pupils and teachers, and to map 
problems of teachers if they supervise statistical research assignments. 
Chapter 3 (study 2) is a case study and focuses on teachers’ professional change, 
when designing and conducting a strategy for inquiry-based student work in the field 
of statistical research. This study discusses the opportunities for using concept maps 
as a source of information for describing changes in teachers’ practical knowledge, 
especially when combined with interviews. This study also reveals teachers’ concerns 
regarding the feasibility of the design in the classroom and the problems teachers 
encounter in its implementation. 
Chapter 4 (study 3) focuses more in-depth on different phases of the development of 
practical knowledge of one participating mathematics teacher, who was challenged to 
redesign her lessons during network meetings with colleagues. I aimed at identifying 
the events that contribute to the development of her practical knowledge. By applying 
cycles of change from the Interconnected Model of Teacher Professional Growth 
(Clarke & Hollingsworth, 2002), I described the professional development of this 
teacher. Concept maps, discussion of concept maps and subsequent interviews served 
as sources of information. Discourse during network meetings and lessons 
observations revealed other aspects of her practical knowledge. 
Chapter 5 (study 4) focuses on the teacher collaboration in the network. I examined 
transcripts of network meetings, from which I show how decisions were made about a 
teaching design on statistics for 7th grade pupils and its subsequent implementation, 
which roles teachers take during network meetings, how they reach consensus during 
network meetings and which aspects of the network meetings promote teachers’ 
development.  
Chapter 6 includes the conclusions and discussion, reflections on the study, 
implications and recommendations, consequences of the study for teacher change, and 
suggestions for further research. 
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Many schools are considering integrating a long-term course concerning investigation 
skills in their secondary mathematics education, from year 1 up to the final grades that 
prepare for university. However, the majority of schools lack clear ideas about how to 
alter their education practices. 
This chapter reports on a research study in which 15-year-old pupils receive an 
opportunity to develop research skills while working on a statistical project. Pupils 
chose their own research topic, but they had to follow a well-defined investigative 
cycle. By way of learner reports, pupils reported on what they had learned about 
working on their own statistical project. The conclusion is that the investigative cycle 
that was presented to them was good enough for the pupils to work with. However, 
interpreting data with statistical concepts was more difficult, as well as pupils 
monitoring their own learning process by keeping a logbook. Moreover, the lack of 
teacher guidance in formulating the research question resulted in pupils not being able 
to fully explore the nature of relations between variables. 
 
2.1 Problem definition and research questions  
For decades, mathematics teaching in the Netherlands mainly focused on the 
acquisition of mathematics skills and techniques, particularly in the fields of algebra 
and differential calculus. When the Basisvorming was introduced in the first three 
years of secondary education in the Netherlands, problem solving by means of 
heuristic and graphic methods was given more room in the programme at the expense 
of formal mathematics and algebraic techniques and algorithms (Goffree, Van Hoorn 
& Zwaneveld, 2000). However, this attention to problem solving remained limited 
and consisted mainly of ‘dressed up maths problems’. Special ‘Integrated 
Mathematical Activities’ (In Dutch: Geïntegreerde Wiskundige Activiteiten) were 
introduced in the Basisvorming to develop the skill to describe and solve practical 
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problem situations using mathematics, and textbooks such as Moderne Wiskunde 
introduced research as an activity. In the senior years of havo and vwo, before the 
introduction of a new curriculum (In Dutch: Tweede Fase), there used to be a clear 
difference in the amount of attention paid to research skills in physics as opposed to 
mathematics (Pol, 1997). As a great deal of attention was paid to science practicals, 
independent research already had a prominent place in the final-year programmes in 
physics, chemistry and biology and a culture was developing where research skills 
were strongly emphasized.  
 
The current programmes in upper secondary education of havo and vwo (see chapter 
1) in mathematics and science subjects require pupils to conduct large practical 
assignments and complete a practical exam. For the subject of mathematics this 
regulation has encouraged thoughts about the development of research skills by means 
of research assignments, and as a result some schools are also thinking about a long-
term developmental line with regard to research skills from year 1 throughout the 
secondary school career up until the final year of havo or vwo. The Tweede Fase thus 
shows a shift in focus from acquiring procedural mathematical knowledge to 
acquiring the more general problem solving skills. Pupils must acquire a wide range 
of skills – they have to learn to plan, to analyse and solve problems, to collaborate and 
to work independently. The skills they acquire should help them prepare for their 
future studies and/or jobs, and the acquisition of research skills is important in this 
respect (Rijborz, 2003). 
 
It is, however, not quite clear what exactly these research skills comprise and how 
they can be systematically dealt with in the various school years. According to 
Stokking and Van der Schaaf (2000), research can be regarded as a complex task, 
assuming that pupils will learn optimally if they are enabled to conduct research in a 
realistic way and make their own choices, not only with regard to problem definitions 
and research design but also concerning the research location (in or outside the 
classroom) and planning. With an eye to the learning outcomes of havo/vwo final-
year programmes, a certain degree of explicit attention will have to be paid to setting 
up and conducting mathematical research. However, it is not clear what the exact aims 
are of having pupils conduct Integrated Mathematics Activities, practical assignments 
and research assignments (Harskamp, De Haan & Van Streun, 2000). Harskamp et al. 
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(2000) state that it would therefore be a good idea to further analyse the entire set of 
aims and activities, investigate the practical setting and map a process that focuses on 
a more systematic and targeted development of the relevant research skills. It is, 
however, not just the perceived conceptual uncertainty about the desired aims that 
complicates the development of research skills. An additional problem is that the 
implementation of this type of activity in the regular educational setting strongly 
depends on the personal opinions of the teacher or the mathematics department 
(Witterholt & Van Streun, 2002).  
The social relevance of statistics and statistical research has given the field of 
statistics a prominent position within the domain of mathematics. Statisticians as well 
as curriculum developers and researchers, each using their own terminology, state that 
statistics teaching should concentrate on research skills (statistical literacy, statistical 
reasoning), although they have yet to agree on a clear definition of statistical research 
skills. However, there is a certain degree of consensus that pupils develop research 
skills by conducting statistical research themselves. 
The problem definition for the entire research project has two aspects: 
1. Definition and operationalization of statistical research skills 
2. Development and testing of criteria for an optimal learning path in which 
pupils acquire the relevant statistical research skills. 
 
This chapter reports on a teaching experiment in four 3 havo groups, conducted by 
four maths teachers at one school. It will discuss whether definition and 
operationalization of statistical research skills is possible and whether the teaching 
design would fit within a learning path that enables pupils to acquire statistical 
research skills. The teaching design starts with an example provided by each teacher, 
after which the pupils work on a research assignment in groups, focusing on 
processing data by means of statistics. Pupils choose their own topic, draw up a 
research plan, conduct the research, draw conclusions and make recommendations. 
The research reported on in this article aims to answer the following research 
questions: 
1. How do 3 havo pupils use the acquired statistical knowledge in 
independently conducted statistical research? 
2. How do 3 havo pupils use their acquired skills in working with a statistical 
computer program when conducting their own statistical research? 
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3. How do 3 havo pupils conduct their own research in relation to a previously 
completed investigative cycle? 
4. Are 3 havo pupils able to monitor and reflect on the development of their 
own research skills? 
5. To what extent are the chosen characteristics of the teaching design adequate 
in terms of answering the above-mentioned research questions? 
 
2.2 Research skills 
 
2.2.1 Mathematics competence 
The research literature provides a number of important lines of approach for research 
into the acquisition of research skills in the domain of statistics. Pupils must not only 
acquire knowledge of statistical concepts, they also have to learn to reason and argue 
on the basis of these concepts. Competence in a certain subject field is defined as a 
basis of factual knowledge and skills linked to a network of concepts and organized so 
as to promote recognition, retrieval and application of knowledge relevant to solving 
the problem at hand. Attaching meaning, reflecting, monitoring and explaining to 
yourself as well as others are aspects of metacognition – see for example Kilpatrick, 
Swafford and Findell (2001), Donovan and Bransford (2005) and Bransford, Brown 
and Cocking (2000). 
 
This study uses the mathematics competences formulated by Van Streun (2001). He 
summarizes mathematics competences as follows: 
1. Knowing that: knowledge of mathematical facts and concepts, reproduction, 
techniques  
2. Knowing how: approach to maths problems, application, research skills  
3. Knowing why: principles, abstractions, rich cognitive schemata, overview  
4. Knowing about knowing: reflection, monitoring, knowledge about your own 
knowledge and approach  
5. Attitude: learning maths is fun, interesting, and I can do it. 
The research skills in the field of statistics primarily belong to the category Knowing 
how. This includes research question formulation, analysis of the situation, a 
systematic research approach and developing a research design. When setting up and 
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implementing statistical research, pupils should be able to recognize facts and 
concepts (Knowing that) and to apply them to the new situation (Knowing how). 
Reflection and monitoring, and checking the actions taken, is a good strategy for 
pupils to explain and develop their own research skills (Knowing about knowing).  
 
Research question 1 concerns knowledge of concepts and techniques (Knowing that) 
and research skills (Knowing how) that are needed in order to be able to conduct 
statistical research. Research question 2 concerns the use of computer programs 
(Knowing how) for generating data files and for converting these data files into tables 
and graphs. Research question 3 concerns the question to what extent pupils are able 
to adequately conduct statistical research (Knowing how, Knowing why). Research 
question 4 concerns the development of metacognition (Knowing about knowing). 
Research question 5 concerns the teaching that is designed to enable the development 
of the above-mentioned competences. 
 
2.2.2 Statistical knowledge 
Statistics teaching focuses on learning to reason with statistical concepts and attaching 
meaning to quantitative information. Statistics teaching includes interpreting data sets, 
data representations and statistical summaries of data. Many types of statistical 
arguments combine ideas about data and probability, which results in drawing 
conclusions and interpreting statistical results. Such arguments are based on key 
concepts such as distribution, measures of central tendency, spread, correlation, 
uncertainty, coincidence and sample survey. Garfield and Gal (1999) distinguish 
several objectives for pupils’ understanding and skills in the field of statistics, 
including understanding the research process and mathematical concepts as well as 
mastering skills in processing data, interpreting and critically assessing results and 
reasoning on the basis of statistical concepts. 
Educational research from recent decades has revealed that the emphasis on 
calculating statistical measures and test statistics contributes insufficiently to 
achieving these objectives. Research by Pollatsek, Lima and Well (1981), for 
example, shows that being able to calculate a mean or median hardly reveals a pupil’s 
understanding of the underlying basic concepts. Mokros and Russell (1995) draw a 
distinction between pupils who reason on the basis of understanding and those who 
primarily calculate. Delmas and Liu (2005) studied the levels of understanding in 
Chapter 2 
  29 
pupils who had been taught about the concept of standard deviation. Most of these 
pupils turned out to use a rule-oriented approach to comparing distributions instead of 
reasoning on the basis of their understanding of the standard deviation. Using 
specially developed software, the researchers attempted to stimulate students to come 
up with more and better statistical arguments. 
Konold and Pollatsek (2002) emphasize that although most pupils will eventually be 
able to calculate means and medians, they have no idea how to apply and interpret 
them. Part of the problem lies in the fact that although these measures of central 
tendency are used as typical scores for data collections, they do not form a solid 
conceptual basis for representing the entire group, for example in comparison with 
other groups.  
 
2.2.3 Statistical reasoning 
The international literature does not appear to use one term for statistical research 
skills. Usually terms like ‘statistical literacy’, ‘statistical reasoning’ and ‘statistical 
thinking’ are used. In a small-scale experiment, Pfannkuch and Rubick (2002) studied 
statistical thinking (observations, think aloud, interviews) among pupils who were 
conducting a structured research assignment. Pupils turned out to spend a lot of time 
thinking about data, learning about the data in order to construct representations and 
constructing data representations. The experiment resulted in a number of relevant 
descriptions of pupil argumentations, in which the teacher accurately probed for the 
meaning of representations and arguments. 
Chance (2002) provided a review of recent definitions of statistical thinking and 
subsequently formulated this summary of ‘mental habits’:  
1. Consideration of how to best obtain meaningful and relevant data to answer 
the question at hand; 
2. Constant reflection on the variables involved and curiosity for other ways of 
examining and thinking about the data and problem at hand; 
3. Seeing the complete process with constant revision of each component; 
4. Omnipresent skepticism about the data obtained; 
5. Constant relation of the data to the context of the problem and interpretation of 
the conclusions in non-statistical terms; 
6. Thinking beyond the textbook. 
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Garfield (2003) developed an instrument to assess how pupils reason with statistical 
concepts and attach meaning to statistical information. She formulates the nature of 
statistical reasoning as follows: ‘Much of statistical reasoning combines ideas about 
data and chance, which leads to making inferences and interpreting statistical results. 
Underlying the reasoning is a conceptual understanding of important ideas, such as 
distribution, centre, spread, association, uncertainty, randomness, and sampling’ 
(Garfield, 2003, p.23). 
 
2.2.4 Research skills 
 Statistical research skills can be regarded as a dimension of ‘statistical literacy’ (Gal, 
2002) or ‘statistical thinking’ (Wild & Pfannkuch, 1999). Wild and Pfannkuch (1999) 
refer to the ‘investigative cycle’ (see figure 2.1) as one of the dimensions of 
conducting statistical research. This investigative cycle ‘concerns the way one acts 
and what one thinks about during the course of a statistical investigation’ (Wild & 




Figure 2.1: Investigative cycle 
 
The elements of this investigative cycle are similar to the research phases that pupils 
follow when they independently conduct a statistical research project. Table 2.1 
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Table 2.1: Phases in the investigative cycle versus pupil activities 
Phase Pupil activities 
1. Problem Pupils define the problem and formulate 
the research question. 
2. Plan Pupils draw up a plan of approach for 
their topic. 
They think about the following questions: 
Which data should be collected? How are 
data collected? What is the design of the 
research? What do we need in order to 
answer the research question? What do 
we need in order to analyse the data? 
3. Data Pupils implement the plan of approach – 
they collect data and think about how to 
process these data.  
4. Analysis Pupils process their data. They analyse 
the data they have collected, checking 
whether all data are useful and whether 
there are any important extremes. They 
process the data with the computer and 
independently decide how to present their 
data.  
5. Conclusions Pupils interpret their results, using their 
previously acquired statistical knowledge. 
They look back on the problem and draw 
conclusions. 
 
The 3 havo teaching design in this study is mainly based on reasoning and arguing on 
the basis of statistical concepts discussed with the pupils in a preparatory phase (see 
section 2.3). Pupils subsequently conduct a statistical research project including a 
research question, experimental design, collecting and arranging data, comparing 
groups, finding relations, drawing conclusions and reporting. The research literature 
discussed above contains sound arguments for this method of teaching research skills. 
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According to Wild and Pfannkuch (1999, p.225), ‘Thus, the ultimate goal of statistical 
investigation is learning in the context sphere’. 
 
2.3 Characteristics of the teaching design  
More and more studies in the domain of statistics use software adapted to or specially 
designed for pupils in their curriculum design, shifting the focus from calculating to 
reasoning. McClain and Cobb (2001), for example, developed a teaching method in 
which pupils actively worked on collecting and interpreting data in meaningful 
contexts via assignments and using software. Their study focused on reasoning using 
the ‘big ideas’ of statistics, with pupils using computers to analyse data as well as to 
deal with mathematical concepts. The study aimed to develop the skill of logical 
reasoning about ways to structure data into conclusions. It focused on pupils’ ways of 
reasoning within one dataset as well as making comparisons between two datasets. 
The researchers reported that the pupils regularly entered into discussions about the 
approach, the suitability of the statistical measures to be used and the meaningfulness 
of conclusions in light of their contexts.  
Bakker and Gravemeijer (2002) and Bakker (2004) used computer programs known 
as minitools to stimulate reasoning skills with regard to data distribution in first-year 
secondary school pupils. These minitools were designed to support the various 
elements of the concept of distribution as one coherent whole. Bakker and 
Gravemeijer defined four types of meaningful activities: data collection, growing 
samples, having pupils design graphs and ‘what if’ questions.  
Doerr & English (2003) presented a detailed analysis of pupils’ thought processes 
when finding relations between different amounts, from which they concluded that 
pupils are very well able to select, order and weigh data. Based on their review of 
research literature and their own research, they emphasized that pupils should conduct 
their own little research projects and collect data in order to experience which 
statistical methods they need to know and be able to apply in a meaningful way. 
Research assignments enable dovetailing education with a changing society in which 
IT is becoming increasingly important (Van den Akker, 2003a). In addition, such 
assignments may help increase intrinsic motivation in both pupils and teachers, who 
get to work without their textbooks (Van den Akker, 2003b). 
Chance (2002), based on her analysis of studies conducted, argued that pupils must 
learn statistical research skills by means of conducting their own research and 
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gathering their own data. ‘Students quickly see the difficulties associated with such a 
task: Do we have an appropriate measurement tool?( …) Students clearly see the 
messiness of actual data collection so often ignored in textbook problems. Students 
also have a higher degree of ownership and engagement with such assignments. (...)’ 
(Chance, 2002, p.5). 
 
Based on the literature, the following characteristics of the teaching design have been 
formulated: 
A. Preparatory phase 
Time needed: 6 to 8 lessons of 50 minutes each to discuss the Statistics chapter from 
the book (see point 1 below), a 50-minute introduction to a statistical computer 
program (see point 2 below) and one half-day for following an investigative cycle 
under supervision (see point 3 below).  
The literature discussed above revealed that mastery of statistical concepts (Garfield, 
2003), the ability to analyse data using a computer program (McClain & Cobb, 2001) 
and the ability to follow an investigative cycle in a structured manner (Pfannkuch & 
Rubick, 2002) are preconditions for the ability to independently conduct statistical 
research. The following characteristics of the preparatory phase for statistical research 
conducted by pupils can be derived from the research literature discussed: 
1. Pupils are introduced to statistical concepts (measures of central tendency: 
mean, mode, median) and graphical representations (bar charts, line charts, pie 
charts, scatter plots (known by pupils as point clouds) and box plots). 
Although the measures of central tendency and a number of these graphical 
representations were already discussed in previous years, the point clouds and 
box plots are new.  
2. Pupils learn to work with a statistical computer program (Excel, VU-
Statistiek). 
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B. Pupils do their own research project  
Time needed: a day and a half for the entire process from thinking up a topic to 
creating the poster. 
The investigative cycle discussed below is based on what was stated in section 2.2 as 
well as on a number of recommendations formulated by Doerr and English (2003), 
Chance (2002), McClain and Cobb (2001) and others. 
1. In groups of four pupils, each pupil contributes two research topics, after 
which a brainstorming session will result in one topic plus research question, 
which is substantiated in writing and the teacher provides feedback on the 
choice made. The pupils present their choice to some or all of the other 
groups. 
2. Each group makes a research plan. The teacher provides feedback. The pupils 
present their choices to some or all of the other groups. 
3. Halfway through the process, the group reports to the teacher for written 
interim feedback on their progress. The teacher provides suggestions for 
adaptations to the plan of approach and further steps.  
4. After each meeting, the group draws up a work report in the form of a 
logbook, in which problems are identified, plans are compared to the actual 
implementation, etc. The teacher provides feedback on this logbook. 
5. The data collected by the pupils are processed with a statistical computer 
program. 
6. Conclusions are drawn from the data, summarized on a poster and presented. 
 
C. Reflection using a learner report 
Time needed: Filling in a learner report will take 20 to 30 minutes. 
Before and after the statistical research, pupils must fill in a learner report (Van der 
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2.4 Method 
 
2.4.1 The choice for 3 havo and the participants in the study 
Pupils are introduced to the field of descriptive statistics in the junior years of 
secondary school. The measures of centre (mode, mean, median) and distribution are 
discussed, as well as various graphical data representation types (bar charts, line 
charts, pie charts, point clouds and box plots). The third year comprises an 
introduction to drawing conclusions based on statistical data and their representations. 
Independent statistical research is usually not part of the program. 
The reason we chose to conduct this study in 3 havo is related to the great differences 
in mathematical skills among the pupils, all of whom must continue to take the subject 
in their 4th year. Many maths teachers find it difficult to motivate their pupils in these 
years. The field of statistics in particular does not rely heavily on prior knowledge, 
which means that all pupils should be able to master the necessary skills. At the same 
time, however, the choice of this particular pupil population does make certain 
demands of the motivational aspects of the teaching design, like getting to work 
without their textbooks (Van den Akker, 2003b) or working in groups.  
 
The teaching design was implemented with all 3 havo pupils at a broad secondary 
school with general and pre-university tracks in the countryside of the province of 
Groningen, which has two 3 havo groups each year. A total of 97 pupils participated 
in the study, which was conducted in school years 2002-2003 and 2003-2004. The 
implementation took place on two consecutive days in a project week, under the 
supervision of a total of 8 teachers, each of whom was responsible for two pupil 
groups. The teaching design was accompanied by a teacher manual that was handed 
out to the teachers in advance. Discussions with the teachers before the start of the 
project revealed that they had no high expectations of the dedication, motivation and 
results for these classes. 
 
2.4.2 The teaching design 
The teaching design for 3 havo pupils was based on the characteristics discussed in 
Section 2.3. The pupil assignment is described on the next page. 
  




The following objectives were handed out to the pupils in writing as part of the assignment: 
1. You will complete an assignment in a group, thus learning to collaborate, divide tasks and 
make plans. 
2. You will learn how to tackle a mathematics research assignment. 
3. Your research will result in a poster that you will create and present together with your group. 
 
The pupil assignment: 
Together with your group you will create a poster on the topic that you have chosen to investigate.  
You will proceed through the following phases: 
1. Choose a topic and submit it to the teacher for approval. N.B. Each topic can only be studied 
by one group. Make sure you will be able to study a connection. For example, rather than just 
studying the average weight of all 3 havo pupils, you should try to find out whether there is a 
connection between the pupils’ weight and the number of hours per week they play sports. 
You will be handed a sheet of A3 paper to write down your chosen topic. 
2. Next, you will make a research plan together with your group and submit it to the teacher for 
approval. Think about which material you will need to create your final product and formulate 
one or more research questions. 
3. You must report on all the activities performed in your group every day in a logbook, which 
you must hand in to the teacher at the end of each day. He or she will then sign your report 
and store the logbook. Once your topic and plan have been approved, you will have a meeting 
with two other groups and the teacher in a classroom, where you will present your topic and 
plan to everyone present. 
4. The next step is to conduct the research. If you have any questions, consult your teacher. 
5. You must also report to your teacher halfway through the project for an interim check to 
make sure you are on the right track.  
6. The final product is a poster. At the end of the second project day you will present your 
group’s final product to the other two groups and the teacher. The posters will be put up in the 
maths classroom. 
 
Requirements for the final product: 
1. Mathematics: Choose a good title that clearly shows the connection studied. Ensure accurate 
display in diagrams using VU-Statistiek and draw the right conclusions. Make sure that all 
essential information is presented. This means, among other things, that you must include a 
measure of centre and use VU-Statistiek and the diagrams in this program. 
2. Attractiveness: how does the poster look? The poster must look good in terms of layout, use 
of colours, structure and language use.  
3. Collaboration among group members: the logbook must indicate how the group members 
worked together. The logbooks must be accurately kept. Has everyone made a sufficient 
contribution?  
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The topics chosen and the associated results can be compared to data from the 
Nationale Doorsnee, a huge database containing information about over 50,000 pupils 
on a wide range of research topics and data, such as body height, breakfast habits, 
hours spent on sports, watching TV and playing on the computer, favourite school 
subject, income from part-time jobs and pocket money, and favourite pop stars. The 
Nationale Doorsnee was introduced on the occasion of the year 2000 being 
designated World Mathematical Year by UNESCO (=United Nations Educational, 
Scientific and Cultural Organisation). 
 
2.4.3 Collecting research data 
The following data were collected in the implementation of the teaching design: 
 
2.4.3.1 Written test  
Pupils made a written test about statistical concepts (mean, mode, median) and 
graphical representations of frequency data (bar charts, line charts, pie charts, point 
clouds and box plots). Descriptive statistics pays very little attention to the concept of 
‘distribution’. Although representations in box plots and point clouds are introduced, 
more emphasis is placed on the ability to calculate measures of centre and to create 
the specified diagrams. Starting in 4 havo, pupils shift from descriptive statistics to the 
more formal side of statistics, for example when they learn about normal distribution 
(see also Bakker & Gravemeijer, 2002). The concept of distribution is then explicitly 
discussed. 
 
Before the teaching experiment, pupils discussed the Statistics chapter in the book. 
They learned to calculate measures of central tendency (mean, mode, median) and 
create graphical representations of given data. The chapter concluded with a written 
test, in which pupils had to calculate measures of central tendency and draw diagrams. 
The teacher administered and marked the test. It is important to this study that pupils 
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2.4.3.2 Observations 
Pupils and groups of pupils were observed both in the preparatory phase and during 
the investigative cycle. Teachers were also observed during their instruction to groups 
or to individual pupils. The researcher was present during the preparatory phase and 
during the phase in which pupils worked independently to fill in observation forms. 
 
Observations related to the preparatory phase: 
x Observations of lessons focusing on working with the computer program VU-
Statistiek. Pupils worked in pairs on a computer practical assigned to them, in 
which they learned to enter data into the computer and subsequently calculate 
measures of centre and draw graphical representations with the program VU-
Statistiek.  
x Observations of the implementation of the investigative cycle. Pupils 
proceeded through the various phases of research, from writing a plan of 
approach to drawing conclusions, under supervision.  
 
Pupils or groups of pupils and teachers were observed during the implementation of 
the teaching design: 
x Observation of group discussions among four groups of pupils. 
x Observation of the brainstorming session about the choice of research question 
and completion of the associated A3 form by the pupils.  
x Observation of the development of the plan of approach and completion of the 
associated A3 form by the pupils. 
x Observation of the three presentations on the chosen topic, the plan of 
approach and the poster respectively. 
x Observations of teachers guiding pupils during the research process 
 
Two groups of pupils were alternately observed for ten minutes at a time. During 
these observations, notes were made on a pre-printed form with regard to what the 
pupils are working on, which subjects they have discussions about, whether they need 
help and, if so, what for, where they look for help and what the teacher’s influence is. 
In addition, the group’s work progress and the distribution of tasks within the group is 
also a point for attention.  
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2.4.3.3 Written pupil products 
Pupils created a number of products in the course of the study, including: 
x Learner reports: Pupils indicated before and after the project whether their 
competence in the field of twelve research skills had increased or decreased 
(see table 2.2). In addition, blank spaces have been left in the report forms 
where the pupils could add remarks. 
x A3 form for topic selection. During the topic brainstorming session, the pupils 
jotted down the suggested topics and their final choice of topic on the A3 
form. The teacher subsequently provided feedback and signed the form for 
approval. 
x A3 form for drawing up a plan of approach. During the plan of approach 
brainstorming session, the pupils jotted down the suggested plans and their 
final plan of approach on the A3 form. The teacher subsequently provided 
feedback and signed the form for approval.  
x Logbooks: Pupils reported on their progress of the research on a preprinted 
logbook. They reported on the distribution of tasks within their group, the 
topic they were working on, the agreements they made, the questions they 
discussed, the problems they encountered and the questions that the group 
liked to discuss with the teacher. The teacher checked the logbooks, provided 
feedback and signed it for approval. 
x Posters: The poster was the final product of the pupils’ research project. The 
pupils chose the appropriate measures of centre and graphical representations 
for the research data they had collected, summarized the results and drew 
conclusions. 
 
2.4.3.4 Teacher feedback 
The teachers provided written interim feedback on the groups’ progress via a pre-
printed form, before every new lesson. They should have asked their pupils whether 
they were working according to their original plan, whether the plan needed to be 
adapted, whether all pupils were performing their tasks properly, whether there were 
any changes within the group, whether the group had sufficient time to conduct the 
research and whether the pupils had sufficient information (in terms of both 
knowledge and organization) to perform the tasks. At the end of the project the 
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teachers were asked to complete a questionnaire with questions about how their maths 
classes usually proceed and how this differed from the way of working during the 
implementation of the teaching design. 
 
2.4.4 Data analysis  
The research data were analysed by summarising the research questions (see Section 
2.1) in relation to the data sources. The data sources are printed in italics. 
 
Research question 1: Which statistical knowledge do 3 havo pupils acquire in 
independently conducted statistical research? After the preparatory phase, the degree 
of mastery and the ability to use statistical prior knowledge was demonstrated via the 
written test. The teachers assessed the written tests and assigned grades according to 
an established rubric. All posters have been analysed, focusing on whether the chosen 
measures of centre and graphical representations matched with the data collected by 
the pupils.  
 
Research question 2: How do 3 havo pupils use a statistical computer program? 
Pupils were observed while working with a statistical computer program both in the 
preparatory phase and during the implementation of the teaching design. During the 
observations, I checked if: 
x pupils were able to enter data in the statistical computer program; 
x pupils were able to calculate measures of central tendency for the data they 
entered; 
x pupils were able to draw graphical representations for the data they entered; 
x pupils asked for help while working with the computer program; 
x bottlenecks occurred while pupils were working with the computer program. 
 
Research question 3: How do 3 havo pupils conduct their own research in relation to 
a previously completed investigative cycle? 
I used A3 forms, topic presentations and group observations to check whether pupils 
could choose a topic independently. Together with the presentations of plans, A3 
forms and (group) observations I checked if pupils could draw up a research plan of 
approach and to what extent the plan of approach was affected by the teacher’s 
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feedback. Observations and logbooks were used to check if pupils were able to 
independently implement a plan of approach. Pupils’ progress was described by using 
observations and logbooks and teacher’s written feedback to the pupils. Observations, 
posters and poster presentations were useful in showing whether or not the chosen 
measures of central tendency and graphical representations matched with the data and 
research questions, and the conclusions on the posters matched with the collected data 
and research questions. 
 
Research question 4: Are 3 havo pupils able to monitor and reflect on the 
development of their own research skills? 
Logbooks, observations and learner reports provided means to observe to what extent 
pupils were able and willing to monitor their progress and if they were able to indicate 
their own development. 
 
Research question 5: How adequate is the teaching design, in terms of contributing to 
the operationalization of statistical research skills? 
Observations, logbooks, teacher feedback, learner reports pupil remarks listed in the 
learner reports were useful in tracing bottlenecks that occurred during the 
implementation of the teaching design. The teacher questionnaire, observations, and 
pupil remarks listed in learner reports also gave a clue in addressing pupils’ 
motivation while working on their own research.  
 
  




2.5.1 Using statistical knowledge 
It appeared that the pupils acquired sufficient knowledge (‘Knowing that’, see Section 
2.2) of statistical concepts and graphical representations during the preparatory phase 
to be able to complete the poster. The pupils were able to calculate measures of 
central tendency in the written test and on the poster and they drew various different 
graphical representations on the poster, such as pie and bar charts as well as box plots 
and point clouds. 
An example of what pupils may include in their poster can be found in figure 2.2 
below.  
 





Mean = € 44.60 
Median = € 30 
Mode = € 30 
Min = € 0 
Max = € 100 
 
Conclusion: ‘The results indicate that an average student gets about € 40 in pocket 
money and/or clothing allowance’. 
 
Figure 2.2: An example of pupils’ findings on the poster 
 
The pupil assignment (see Section 2.4.2) states that the pupils must study a connection 
between two variables. The posters indicated that most groups have failed to do this. 
For example, in the research question ‘What eye colours do 3 havo pupils have?’, it is 
difficult to indicate a connection as there is only one variable (which is ‘eye colour’). 
An example of a better research question here is ‘Do blond pupils more often have 
blue eyes than pupils with dark hair?’ In this example a connection can be studied 
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2.5.2 Working with a statistical computer program 
Although the pupils have demonstrated skills in using the computer program, named 
‘VU-Statistiek’, during the preparatory phase, a number of bottlenecks occurred when 
conducting their own research. Pupils tended to forget how to enter their data and how 
to subsequently create a pie or bar chart. As a result, several groups changed to the 
more familiar program Excel to add graphical representations to their posters. Partly 
thanks to having sufficient computers available in the computer room and the media 
library, and in some cases also thanks to the change from VU-Statistiek to Excel, all 
groups managed to include one or more diagrams as graphical representations of their 
data. 
 
2.5.3 Pupils conducting their own research 
x The pupils held lively discussions to choose the topic they found most fun and 
most interesting to investigate. What makes a topic ‘fun’ is not only that it 
appeals to the pupils in itself, it also helps if they leave the classroom to gather 
their data, for example to interview their schoolmates in other classes. 
Examples of chosen topics include ‘What eye colours do 3 havo pupils have?’, 
‘Which brand of toothpaste do 3 havo pupils use?’ and ‘What is 3 havo pupils’ 
favourite drink?’ The teacher’s feedback was mainly needed to clarify the 
research question. This was mainly done by asking the pupils’ questions, such 
as ‘What exactly do you want to find out?’, ‘Which questions will you ask to 
this end?’ and ‘Will you be able to find information about this topic?’ In a 
number of cases pupils were forced to choose a different topic to prevent too 
many similar topics being studied or because no suitable data could be 
collected in and around the classroom or school. The presentations were 
generally very brief and were intended to have the pupils explain why they 
made certain choices. 
x The completion of the A3 form for the plan of approach went smoothly. The 
pupils discussed what would be the best plan of approach. The teachers 
provided feedback by asking questions, such as ‘Will you have to interview all 
the pupils in the entire school?’, ‘How will you collect information?’ and ‘Will 
you be able to complete this plan within the given time frame?’ Virtually no 
plans of approach were rejected by the teachers and more extensive plans of 
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approach were rarely requested. The presentations on the research plans were 
very brief and were intended to have the pupils explain their method. Pre-
structuring the study to be conducted turned out to be very useful as it enabled 
pupils to look back on previous steps. The teacher could simply refer to the 
research plan, also because this was set out on paper.  
x The teachers’ feedback enabled timely adjustments in order to ensure project 
progress. Several groups had to be prompted to start processing their data to 
prevent them running out of time before the poster presentations, whereas 
other groups were advised to divide their tasks as otherwise they would never 
be able to complete all the work. 
x A number of bottlenecks occurred when entering and processing data with the 
computer program VU-Statistiek. As mentioned above, several groups had 
forgotten how to enter data and subsequently make calculations or create 
graphical representations. These groups changed to Excel, which they had 
more experience with.  
x The posters indicated that pupils often opted for scatter plots to represent their 
data. However, this is not the best option for studies comprising small numbers 
of observations – in such cases, bar charts are a more suitable choice. Many 
posters also contained information that was not relevant to the research 
question. For example, the group that investigated how many sandwiches 
pupils take to school included a text about how bread is produced. 
x Although pupils appear to be able to draw conclusions from their research, 
these conclusions are often rather simple because no connections are found 
between data. Most groups did not look for connections between their research 
data and the teachers were unable to guide them towards doing so. The group 
that investigated the connection between pupils’ travelling distance to school 
and the time they went to bed did succeed in this respect – they discovered that 
pupils do not go to bed earlier the further away they live. Another group 
studied 9th graders’ eye colours and only came up with numbers and 
percentages.  
x The example in figure 2.2 indicates that pupils summarized their research data 
on the poster using the mean, whereas the mode would have been a more 
useful measure in this context. The mean provides an inaccurate picture of the 
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data due to a number of extreme scores. Several posters contained incorrect 
conclusions. This is undoubtedly partly due to the fact mentioned above, that 
pupils do not always use statistical concepts and graphical representations 
correctly. 
 
2.5.4 Monitoring and reflection 
x Group observations indicated that pupils regularly discuss the progress in 
various phases of the investigative cycle, thus acquiring insight into their own 
contributions. Questions like ‘What have we done so far?’ and ‘What do we 
still have to do?’ are regularly asked. The task distribution, in which each pupil 
had his or her own task, sometimes led to a lack of exchange of data and 
knowledge. Pupils who had processed data and created graphical 
representations on the computer often failed to discuss the chosen data 
representation type with other pupils who were assigned different tasks. 
Logbooks were often filled in quickly and incompletely and pupils did not tend 
to consider them to be a natural component of the investigative cycle.  
x Table 2.2 provides a summary of the learner reports, in which the pupils report 
on the research skills that they have or have not acquired during the 
implementation of the teaching design. This table lists twelve research skills 
reported on by pupils. In addition to a number of general research skills 
(including ‘Task distribution’, ‘Making agreements’ and ‘Keeping agreements’ 
with regard to working in groups), they also include skills used for statistical 
purposes, such as ‘Collecting data’, emphasizing statistical data processing and 
interpretation, including the skills ‘Processing data into a story’, ‘Completing a 
written assignment’ and ‘Giving a presentation’. Pupils indicated to what 
extent they had mastered these skills before the start of the teaching design 
implementation and again after the project had ended. This way, pupils 
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1. Task distribution: 67% of pupils indicated both before and after the project that they 
have mastered this skill (G→ G), and another 20% developed this skill during the project 
(NG→ G and DK→ G together). 
2. Planning: 53% of pupils indicated both before and after the project that they mastered 
this skill (G→ G), and another 28% developed this skill during the project (NG→ G and 
DK→ G together). 
3. Making agreements: No fewer than 73% of pupils indicated both before and after the 
project that they mastered this skill (G→ G), and another 8% developed this skill during 
the project (NG→ G and DK→ G together), whereas 12% of the pupils indicated after 
the project that they were not good at making agreements (G→ NG, NG→ NG and DK→ 
NG together). 
4. Collecting information on the internet: 58% of pupils indicated both before and after 
the project that they mastered this skill (G→ G). However, 16% felt that although they 
initially thought they were good at looking things up on the internet, they turned out to 
find it more difficult in actual practice (G→ DK). 
5. Estimating how long something will take: 19% of pupils indicated both before and after 
the project that they mastered this skill (G→ G), and another 30% developed this skill 
during the project (NG→ G and DK→ G together). Pupils appear to find this activity 
rather difficult. Although a significant development can be seen, 29% continued to have 
problems in this field.  
6. Processing data into a story: 42% of pupils indicated both before and after the project 
that they mastered this skill (G→ G), and another 33% developed this skill during the 
project (NG→ G and DK→ G together). This significant increase is probably due to the 
fact that pupils were asked to draw conclusions and write summaries on a poster. 
7. Giving presentations: 25% of pupils indicated both before and after the project that 
they mastered this skill (G→ G), and another 24% developed this skill during the project 
(NG→ G and DK→ G together), meaning the number of pupils who were confident 
about this doubled during the project. 
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8. Finding out why something went wrong: 29% of pupils indicated both before and after the 
project that they mastered this skill (G→ G), and another 30% developed this skill during the 
project (NG→ G and DK→ G together). 34% of pupils were not sure whether they mastered the 
skill after the project (→ DK).  
 
2.5.5 Characteristics of the teaching design 
x The investigative cycle in which pupils conduct their own research works well. Choosing 
a topic, writing a plan of approach, receiving feedback on the progress and, finally, 
creating a final product generally proceeded fairly smoothly.  
A number of characteristics of the teaching design, however, have proven less successful. 
First, the preparatory phase pays no attention to the choice of statistical concepts and 
graphical representations. Pupils are sometimes unsure which measure of centre to use 
and why, and the same applies to graphical representations. The second problem lies in 
the logbook, which pupils did not tend to consider a natural component of their work. 
This means that the groups insufficiently discussed what they were doing and why they 
were doing it this way. Thirdly, the pupils’ insufficient mastery of the computer program 
VU-Statistiek led them to change to the more familiar application Excel during the 
investigative cycle. 
x All completed posters were put up in the mathematics classroom and stayed there for 
several weeks as the pupils were very proud of their work. One girl asked whether the 
poster could stay up a bit longer as she wanted to show it to her friends from another 
class. Pupils indicated in the learner reports that they enjoyed doing research and that they 
would like to do this more often. In addition, most pupils indicated that what they enjoyed 
most about the project was working together with their classmates. The teachers were 
pleasantly surprised by the dedication and motivation demonstrated in these remarks, also 
because these pupils were sometimes difficult to motivate during ‘regular’ maths classes. 
 
2.6 Conclusions and discussion  
Looking back on the problem definition (see Section 2.1) we may conclude that the 
implementation of the teaching design has contributed to the operationalization of statistical 
research skills in a certain way. Statistical research skills were defined as a dimension of 
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‘statistical literacy’ or ‘statistical thinking’ and linked to pupil activities. Wild and Pfannkuch 
(1999, p.246) state that ‘In many research environments, statistical thinking is like breathing – 
everyone does it all the time, seldom being aware that it is happening. Statistics, the discipline, 
should be teaching people to "breathe" more effectively’. Having to fill in learner reports appears 
to make pupils more conscious not only of the problems that may occur when independently 
conducting research, but also of their own strengths and weaknesses in this field. Offering an 
investigative cycle is a good idea, although pupils still have trouble interpreting data by means of 
statistical concepts and monitoring their own learning process. A learning path has been 
developed where 3 havo pupils, who are just starting to learn statistics and often lack motivation 
in the field of mathematics, managed to choose topics that they were interested in, write a plan of 
approach in mutual consultation and enthusiastically conduct their own statistical research. This 
teaching design – with a few adaptations – would appear suitable as part of a longer learning 
path focusing on research skills.  
 
Pupils should know that they should deliberately choose a measure of central tendency and a 
graphical representation that match the data. This study indicates that the fact that the Knowing 
that component has been covered does not necessarily mean that pupils have mastered the 
Knowing how aspect as well. Although the pupils were able to calculate measures of centre and 
draw graphical representations, they did not always draw the right conclusions from their 
research. This has also been discussed in the literature. According to Konold and Pollatsek 
(2002), although pupils are able to calculate measures of central tendency, they have no idea how 
to apply and interpret them. 
The part of the assignment stating that pupils had to find a relation between two variables was 
insufficiently implemented. This was partly due to the fact that the pupils were insufficiently 
prepared for finding relations – relations between variables were not discussed in the preparatory 
phase. On the other hand, the teachers should have provided more guidance in the pupils’ choice 
of topic and intervened sooner if a research question is limited to a calculation problem. 
Most teachers have no experience in supervising statistical research, and teacher-training 
programmes tend to pay little or no attention to such supervision. As a result, teachers find it 
difficult to guide pupils towards a good research question that discusses the connections between 
variables. 
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Some of the problems indicated during the implementation of the teaching design, such as 
indicating connections in the choice of topic, filling in the logbook, introducing statistical 
knowledge and concepts and interpreting measures of central tendency, could have been solved 
if the teachers had provided more guidance. This issue can be solved by getting teachers 
involved in the development of the teaching design. The more teachers are aware of what is 
expected of them, the better they will be able to supervise their pupils in their research projects. 
Teacher competencies needed in guiding statistical research are: (1) having an overview of what 
statistical knowledge to be used by pupils, and when, (2) paying extra attention to correlation and 
representing differences between groups, (3) monitoring pupils’ metacognitive skills, for 
example by commenting on pupils’ log books, (4) ensuring that pupils exchange data, (5) paying 
attention to a research plan as a means to pre-structure pupils’ research, (6) using the most well-
known computer program for pupils, so they can get started right away, and (7) guiding pupils in 
finding a research question and in presenting relevant information on the poster regarding the 
research question. 
 
In this study, pupils worked with previously taught statistical knowledge and concepts. 
According to a study by Van Gerwen (2005), mathematical concepts should be thoroughly 
developed by the fourth year of havo, so that pupils can use their knowledge in a variety of 
assignments, including research assignments. The research aspect will not be covered if too 
much time is needed to explain concepts to pupils during the investigative cycle. Van der 
Sanden, Terwel and Vosniadou (2000), however, stated that mastery of statistical concepts can 
also be developed while working on research assignments. This way, pupils work on developing 
their own interconnected knowledge and skills.  
Although pupils were able to calculate measures of central tendency and draw graphical 
representations, they still found it difficult to use their statistical knowledge in a functional way. 
Pupils may perhaps be better able to apply their knowledge to different situations and to interpret 
results if the statistical knowledge and concepts are not discussed until they ask for them. 
Finally, it should be pointed out that due to the distribution of tasks, data and knowledge were 
often not exchanged, which meant that not all pupils in a group were equally well aware of them. 
We should therefore aim for a situation where pupils realize the need for data and knowledge 
exchange, for example, by administering a final test to assess knowledge and skills.  
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Pupils used a statistical computer program to process data and create graphical representations of 
these data – the aspect of reasoning based on the available statistical knowledge is less 
successfully covered. McClain and Cobb (2001) and Bakker and Gravemeijer (2002) were more 
successful in this field with their educational computer programs. Statistical concept knowledge 
is developed while working with these programs, which is not the case for VU-Statistiek and 
Excel. VU-Statistiek and Excel are data processing programs. VU-Statistiek was specially 
developed for secondary education – this program is more user-friendly for the target group as it 
has fewer options than Excel. 
This study indicates that pupils often forget how to work with VU-Statistiek and change to the 
more familiar Excel application to conduct their research. However, data processing with the 
computer is very useful because pupils often have a lot of data to process and manual calculation 
would be very time-consuming. In addition, these computer programs teach pupils to apply their 
knowledge. In order to better implement the computer program, it would be a good idea to 
integrate the computer lessons into the teaching design, instead of computer lessons in 
preparatory lessons. Pupils would then work on the computer when they are ready for it, rather 
than in preparation for the implementation of the teaching design. They would have all the 
necessary information at hand and would not have to change to a different program. 
 
The presented investigative cycle (see also Millar (1989), Pijls, Dekker & van Hout-Wolters 
(2000) and Van Rens & Dekker (2000)) worked well for the pupils. One important factor is that 
pupils got to choose their own topics, which made the research interesting and relevant to them, 
as Van Rens (2005) indicates. Although forms provide useful information about the choices 
made by pupils, the number of forms used could perhaps be limited. This would mean, for 
example, that pre-printed forms for the choice of topic and the plan of approach would no longer 
be needed. In addition, it would be a good idea to use a cross-curricular investigative cycle. This 
would improve cohesion between subjects and the recognisability of the various research phases.  
 
As most groups in this study failed to keep an accurate logbook, it can be concluded that the 
logbook did not function as intended. Logbooks offer pupils a way to reflect on their work and 
their way of working. According to Van Streun (2001), reflection and monitoring is a good 
strategy for pupils to explain and develop their own research skills (Knowing about knowing). A 
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logbook could be a valuable tool to this end. Harskamp et al. (2000) emphasize that pupils will 
only make progress on their way to the final target if the learning process is accurately 
structured. It would therefore be a good idea to reserve time for filling in the logbook at a fixed 
moment during the lessons. This way, the logbook will become an integrated, natural part of the 
teaching design. In the learner reports, pupils reported on the research skills that they had or had 
not acquired during the implementation of the teaching design. However, the question whether 
the pupils were able to apply the research skills they claimed they had acquired to another 
problem cannot be answered on this basis. 
 
Teachers are important points of contact for pupils while conducting their research. The teachers’ 
feedback on the pupils’ choice of topic, the plan of approach and their progress stimulated them 
and thus was useful. 
Teachers indicated that they found it difficult to motivate their pupils during ‘regular’ maths 
classes, but that they demonstrated excellent dedication and motivation during the project. Pupils 
themselves also indicated that they enjoyed collaborating on a topic of their own choice and they 
would like to receive more of these research assignments. This different way of working in itself 
might motivate pupils more than ‘regular’ maths classes. In addition, the results of the work (i.e. 
the poster) were more visible to pupils and therefore offered a better indication than when they 
simply had to wait for (the grades of) the written test on a specific chapter. The positive 
experiences of teachers and pupils, may be a good foundation for further research. 
 
The bottlenecks indicated provide insight into the pupils’ comprehension problems and 
implementation problems. The approach of conducting statistical research projects in class has 
turned out to be successful in many respects. One question that yet remains to be answered, 
however, concerns a curriculum for the development of statistical research skills for the entire 
secondary education path from year 1 to years 5 havo and 6 vwo. A programme of increasingly 
complex research projects will have to be developed. This study suggests that not all pupils were 
able to conduct research into connections between two variables – it appeared that they first 
should gain experience studying the distribution of one single variable. This provides an initial 
indication with regard to a possible learning line. 
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3 Investigating changes in teachers’ practical knowledge in a collaborative network of 
colleagues 
 
Submitted for publication as:  
Witterholt, M., Goedhart, M. J., & Suhre, C. (2015). The impact of peer collaboration on 
teachers’ practical knowledge. 
 
Abstract 
In this study, mathematics teachers are introduced to a new pedagogical approach to teaching 
statistics through inquiry-based teaching. To support the teachers, we designed a professional 
development trajectory anchored in peer collaboration. Four mathematics teachers from the same 
school collectively engaged in the development, implementation and evaluation of a new 
strategy to teach statistics to seventh grade pupils. By using a mixed methods approach in which 
we combined data from interviews, concept maps and classroom observations, we revealed how 
teachers changed their practical knowledge during the course of network meetings and 
implementation of a newly designed teaching strategy. This paper discusses opportunities for 
using concept maps as a source of information about teachers’ practical knowledge, especially 
when combined with interviews.  
 




In many professional development efforts assessment of changes in teachers’ practical 
knowledge is of crucial importance. This study explores changes in teachers’ practical 
knowledge after they start using a new teaching approach. The study was conducted in a teacher 
network, consisting of four mathematics teachers who designed and implemented a new strategy 
for teaching descriptive statistics to seventh grade pupils. The design followed recent ideas on 
statistics teaching, in which students develop and conduct their own inquiry, collecting, 
representing, interpreting and evaluating the data themselves (Garfield & Gal, 1999). The 
teachers in this study were inexperienced with these strategies and collaborated in network 
meetings in which they discussed the objectives of the lessons, the instructional materials, the 
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assessment methods and lesson organization. They then individually implemented the strategy in 
their own classrooms and evaluated the lessons during the last meeting. Our interest in this study 
was to investigate which essential changes in teachers’ practical knowledge could be revealed by 
the use of concept maps and semi-structured interviews. More specifically, our research question 
is: What changes in teachers’ practical knowledge can be unveiled, after they have designed and 
implemented a new teaching strategy with a network of colleagues? 
In this study, we focus on the individual differences between teachers in the network, and, more 
partcularly, on the role concerns play in the development of practical knowledge. Further, by 
comparing different data sources, we investigated the use of concept maps and interviews as a 
method to investigate teachers’ practical knowledge. 
3.2 Theoretical framework 
 
3.2.1 Teacher change 
Many researchers have emphasized that teachers learn through reflection on their own teaching 
practices (Hall & Loucks, 1977; Gallagher, Goudvis & Pierson, 1988; Guskey, 2002; Clarke & 
Hollingsworth, 2002). Knapp (2004) and Day (1999) state that especially networks of colleagues 
provide powerful learning environments for teachers. Various studies (Moll, 1992; McLaughlin, 
1994; Metz, 1993; Putnam & Borko, 2000; Meirink, Meijer & Verloop, 2007) have provided 
evidence that teacher networks provide excellent opportunities for working and learning together 
and result in better school results for pupils. Exchanging knowledge and experiences will trigger 
reflection on each other’s teaching practices and ideas, which may in turn result in an expansion 
of teacher knowledge and the refinement of one’s own teaching practices (Darling-Hammond, 
Chung Wei, Andree, Richardson & Orphanos, 2009; Borko, Mayfield, Marion, Flexer & Cumbo, 
1997).  
Day (1999) suggested that a network is effective for teachers if it sets challenging and concrete 
goals, if it enables interaction with colleagues, if there is continuity in the meetings (i.e. revision 
of what has been learned, or being confronted with new ideas by colleagues) and if attention is 
paid to problems in teachers’ individual teaching practices. McDonald and Klein (2003) analysed 
a variety of teacher networks and reported on their role in teacher change. They distinguished a 
number of functions of networks, which also play an important role in this study, such as 
developing teachers’ content knowledge and pedagogical content knowledge, enhancing 
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teachers’ efficacy, implementing and evaluating new practices and reforms and providing access 
to expertise.  
 
3.2.2 Teachers’ practical knowledge  
Fenstermacher (1994) referred to ‘practical knowledge’ as the knowledge teachers themselves 
generate as a result of reflections on their experiences. As it is constructed by teachers in the 
context of their work, practical knowledge integrates experiential knowledge, formal knowledge 
and personal beliefs (Van Driel, Beijaard & Verloop, 2001). Teachers’ practical knowledge may 
be conscious or unconscious (Meijer, Verloop & Beijaard, 1999). Furthermore, it includes both a 
content-related component (Shulman, 1986a) and a personal component.  
According to the content-related component of teachers’ practical knowledge, which is related to 
knowledge and skills, Shulman (1986a) developed categories. Other studies (Grossman, 1989; 
Van Driel, Verloop & De Vos, 1998; Meijer, 1999) have adapted Shulman’s categories. Our 
study relies on one of these (Meijer, 1999, p. 49, 61), adapted for statistics education: 
1. Subject matter knowledge: knowledge of statistics (see also Sowder, 2007); 
2. Student knowledge: statistical knowledge of the students, their motivation and their 
environment; 
3. Knowledge of student learning and understanding: knowledge of students’ learning and 
understanding of statistics; 
4. Knowledge of purposes: knowledge of goals for statistics teaching and their importance; 
5. Curriculum knowledge: knowledge of texts and materials for statistics education and 
knowledge of the content of the statistics curriculum; 
6. Knowledge of instructional strategies: knowledge of design, preparation and structure of 
lessons in statistics. 
 
These categories are more fine-grained than Shulman’s categories, as the above-mentioned 
categories 3, 4, 5 and 6 can be considered pedagogical content knowledge (PCK, Shulman, 
1986b). Category 2 is similar to what others have called ‘knowledge of context’ (Magnusson, 
Krajcik & Borko, 1999). 
The personal component of teacher knowledge is the product of a teachers' personality, his 
background and personal experiences. This component includes teachers' values, (efficacy-) 
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beliefs, attitudes, and ideologies (Meijer, Verloop & Beijaard, 2001; Clarke & Hollingsworth, 
2002; Bandura, 1986). According to Brown and McIntyre (1993) this component of practical 
knowledge guides a teacher’s judgments about appropriate actions in concrete and specific 
situations. At the same time this personal component of teachers' knowledge may be the source 
of concerns about the usefulness of new approaches to teaching (Fullan, 1993; Fullan & 
Stiegelbauer, 1991). Recognition of these concerns in professional development trajectories is 
important, since they may indicate teacher’s readiness to continue using and refining newly 
adopted teaching practices. Van den Berg (2002) makes a distinction between three types of 
concerns that may pop up when teachers engage in new forms of teaching: (1) self-concerns, 
related to the person himself; (2) task-concerns, related to the worries, needs and questions about 
the processes and demands of new teaching practices; (3) impact-concerns, related to attention to 
colleagues and pupils. In our study, we define teachers’practical knowledge as ‘the knowledge, 
skills and beliefs teachers use to practice their profession’. Thus, we use knowledge, skills and 
beliefs interchangeably.  
 
3.2.3 Concept mapping 
Concept maps are graphic representations of knowledge, comprising concepts and the 
relationships between them (Novak & Gowin, 1984). Rice, Ryan and Samson (1998) and 
McClure, Sonak and Suen (1999) have reported on the reliability and validity of concept map 
assessments. Rice et al. (1998, p. 1106) mention that the use of concept maps is not limited to 
any particular group of learners and that concept mapping can be easily and quickly taught to 
learners. They used concept maps to assess students’ achievement in relation to knowledge of 
terms and concepts in life science, and concluded that concept maps may be very useful as a 
single-format assessment technique with multiple scoring approaches. McClure et al. (1999) 
gave students a list of terms and asked them to produce a concept map. They report that if 
procedures for creating maps are not well specified, the variation in students’ maps may make 
interpretation difficult, which reduces the validity of the conclusions. McClure et al. (1999, p. 
477) mention that some factors decrease the reliability of concept maps: (1) variations in 
subjects’ concept mapping proficiency, (2) variations in the content knowledge of those 
evaluating the concept maps, and (3) the consistency with which the concept maps are evaluated. 
They conclude that the concept mapping task should not be so complex as to distract the 
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mappers, nor so simple as to sacrifice representational clarity. They found that the ‘relational 
scoring method’ is the most reliable method when augmented with a master map, constructed by 
the course instructor (see also McClure & Bell, 1990).  
Several researchers recommend combining concept maps with other data sources (Rice et al., 
1998; McClure et al., 1999; Van Zele et al., 2004), such as interviews and questionnaires (e.g. 
Meijer, 1999) or video and audio recordings (e.g. Ummels, Kamp, De Kroon and Boersma, 
2013). Meijer’s (1999) conclusion was that concept maps are useful to measure teachers’ 
practical knowledge if combined with interviews in which the map is explained by the teachers. 
 
In our study we applied a relational scoring method by using teachers’ first concept maps as a 
reference. Concept maps were mainly analysed qualitatively, to provide a non-directive 
distillation of the practical knowledge of teachers. We might detect changes in both 
teachers’personal- and content-related practical knowledge and we might be able to identify 





This study comprises four mathematics teachers from the same school, a large comprehensive 
school in a small town in The Netherlands. The four teachers voluntarily signed up for 
participation in this study. 
A questionnaire, with a total of 17 closed-format questions, was used to collect information 
about the teachers’ background variables. Table 3.1 contains relevant information about the 
participating teachers. Teachers’ names have been changed for reasons of privacy. Table 3.1 
shows that the teachers had a great deal of teaching experience (ranging from 6 to 23 years). The 
teachers all used traditional methods, relying on textbooks and lessons in which pupils mainly 
worked on exercises, and the table shows that teachers had little experience with the use of 
statistical research assignments and little or no experience with inquiry-based teaching or project 
work. The teachers had little statistical knowledge, but to their own opinion enough for teaching 














































































































































































































































































































































































































































































































3.3.2 Network meetings 
The teacher network in this study met the conditions mentioned in section 3.2.1. The network 
meetings aimed at setting goals, sharing experiences, and jointly developing and evaluating 
the teaching design. To achieve the aims of the network meetings, we set up a series of 
planned events (table 3.2). Each network meeting lasted 50 to 90 minutes. After network 
meeting 6 teachers implemented the design in their classrooms. During the evaluative 
network meeting 7 they had the opportunity to exchange experiences and to reflect on their 
own experiences. 
The facilitator, also researcher, organized and moderated the network meetings and provided 
the teachers with information, for example, in the form of relevant literature. The facilitator 
was present at all meetings. Her role was to stimulate discussions, but she did not interfere 
with suggestions on designing and implementation issues. 
 













1. Development of a teaching design, including objectives, student 
assignments, organisation of group work, knowledge test and pedagogies.  
2. Introduction to inquiry-based teaching and examples of statistics 
teaching (e.g. software packages) 
3. Renewed acquaintance with statistics by, for example, reading 
literature.  
4. Organisation of the implementation of the teaching design. 
5. Creating commitment to the subject and to the group by making 







1. Reflection on the joint development of the teaching design. 
2. Reflection on classroom experiences. 
3. Indicating points for improvement in the teaching design and its 
implementation. 
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3.3.3 Research design and data sources 
The research instruments included concept maps, semi-structured interviews and lesson 
observations. Lesson observations were used to check out interpretations based on the other 
data sources. By triangulating our findings from different research instruments we were able 
to check the validity of our conclusions about teachers’ practical knowledge (see also Meijer, 
Verloop & Beijaard, 2002; Denzin, 1970).  
 
3.3.3.1 Concept maps  
A pre-concept map (CM[0]) was drawn up during the first network meeting and a post-
concept map (CM[1]) was drawn up during the seventh meeting. Teachers received written 
instructions on how to create a concept map and were given an example with a different 
central concept (i.e. ‘what do you associate with camping?’). In the concept mapping 
assignment, teachers were asked to generate concepts related to the central theme (‘learning 
and teaching statistical research skills’) and to organize these concepts into a map. They were 
also asked to number their core concepts from 1 till 5, also if their maps consisted more than 
five concepts. In discussion sessions directly after the drawing up of the concept maps, the 
researcher asked the teachers to clarify the concepts and the connections between them. 
These discussion sessions lasted about 30 to 40 minutes and were recorded and transcribed 
verbatim. 
 
3.3.3.2 Semi-structured interviews 
Individual semi-structured interviews (Int[0] and Int[1]) were held directly after the concept 
map discussions. The interviews were also recorded and transcribed verbatim. Both 
interviews contained the same, ten questions. These questions sometimes overlapped with the 
themes of the concept map discussions, and the interview thus supplemented these 
discussions. The teachers were asked how they thought pupils learn statistical research skills 
and how these skills should be taught. In addition, questions were asked with regard to the 
goals of conducting statistical research and the teacher’s role in research conducted by pupils, 
and whether and in which phase of research statistical subject matter content plays a role. The 
semi-structured interview took about 15 to 20 minutes per teacher.  
 
3.3.3.3 Lesson observations 
A total of nine lessons were planned to conduct the teaching strategy. All of the fifty minutes 
lessons of all four teachers were recorded with a video camera, focusing on the teachers’ 
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activities. The lessons were used to check if their teaching practice aligned with their 
practical knowledge that appears from concept maps and interviews. 
 
3.3.4 Data analysis 
The total number of concepts in the pre- and in the post concept map were counted. 
Discussions about concept maps and the semi-structured interviews yielded a large number of 
statements from individual teachers. For each teacher, we used these statements to examine 
which concepts in the first and the second concept map matched, while the differences were 
also identified. In this way, we got a list of recurring concepts as well as those arising for the 
first time. Meijer’s (1999) classification (see section 3.2.2) was used to categorize concepts, 
originating from concept maps, discussions of concept maps and interviews. Using Meyer’s 
classification we determined the emphasis of the concept maps as teacher-oriented, pupil-
oriented, subject matter oriented, goal-oriented, etc. Subsequently, we divided teachers’ 
statements into refining themes, within Meijer’s knowledge categories, which we thought 
indicated the core of their practical knowledge.  
From lesson observations we inferred the way the teachers implemented the teaching strategy 
and checked whether the teacher’s actions reflected their statements during the concept map 
discussions and interviews.  
 Classification of statements and concepts from maps in Meyer’s categories and themes were 
discussed afterwards by the researcher and co-authors until consensus was reached. After 
analysing all the data on the teachers’ practical knowledge, a set of three categories and 
descriptions of teachers’ practical knowledge could be distilled, and in total nine refining 
themes. 
Finally, we determined teachers’ initial and final practical knowledge and related this 
knowledge to Meijer’s categories and to the observed lessons. Statements from teachers in 
each of the three categories were then analysed for possible concerns. In determining 
differences between teachers’ initial and final practical knowledge, we might be able to 
identify teacher change.  
 
3.4 Results 
In this section we present the teachers’ initial and final practical knowledge as discerned from 
transcripts of the concept map discussions and interviews. We categorized fragments 
according to Meijer’s (1999) categories of practical knowledge and subdivided these into 
themes. Appendix 3.1 contains an example of a pre- and a post concept map. 
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3.4.1 Annet 
The number of terms increased from 10 in the initial map to 18 in the second map. In her first 
concept map (CM[0]) Annet focused on the research procedure ‘as she had learned herself’: 
‘choose a topic – state hypothesis – state questions and sub-questions – administer 
questionnaire, conduct field research – collect data, order data’. In her second concept map 
(CM[1]), Annet shifted towards a sequencing of the inquiry process for her pupils: ‘design – 
conduct (questionnaire, search for information) – answer question – present research’. In her 
pedagogical goals she shifted from the teacher’s perspective (‘theoretical background, 
planning and supervising’) to the pupil’s perspective (‘collaboration, group composition, 
division of tasks, choice of topic’). Furthermore, the subject matter became more detailed 
(‘statistical concepts: mean, mode, median, frequency’). During the intervention her concept 
map dramatically changed from a goal-oriented to a student-oriented perspective.  
Annet’s initial and final practical knowledge fits into Meijer’s categories of ‘Knowledge of 
purposes’, with refining themes Inquiry process and Statistical literacy; ‘Knowledge of 
student learning and understanding’, with refining theme Pupils’ pre-knowledge; ‘Knowledge 
of instructional strategies’, with refining themes Autonomy of pupils and Group work. 
Initially she emphasized the importance of learning about inquiry, connecting this to pupils’ 
daily life and fostering autonomy, as shown in her statements ‘I believe that they can master 
it by experiencing the entire process’ (CM[0]), ‘I believe that it’s important to take into 
account what they already know in order to actually teach them something’ (CM[0]), and ‘So 
that’s very much my role – creating the conditions. Directing them as little as possible, while 
still offering them sufficient guidance’ (CM[0]). 
Annet’s second map focused on her experiences during the design and teaching process. She 
mentioned the need for statistical literacy: ‘That they learn how all these numbers end up in 
the book’, (Int[1]), pupil autonomy: ‘It’s their project. And if they see it this way as well, they 
will put in a good effort’ CM[1], group work: ‘And the collaboration itself has really 
surprised me as there are children who can’t work in groups’ (CM[1]), and a good 
introductory assignment for pupils: ‘Now I would provide my pupils with an entirely different 
introduction assignment. But I would still let them try themselves since the outcome of that is 
invaluable’ (Int[1]). With this, we may conclude that Annet’s topics of concern are Statistical 
literacy, Pupil autonomy and Group work. The lesson observations showed Annet’s 
flexibility: she deviated from the agreements made in the network when the classroom 
situation required this. As she insisted on the pupils’ ownership of the project, she guided 
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them towards a good research question. Although she doubted the effectiveness of the 
introductory assignment because pupils did not sufficiently know what statistical research 
was, she motivated them to carry out their own research. Furthermore, she seemed to be 
concerned about the way pupils worked in groups and her own role in guiding these groups.  
 
3.4.2 Bart 
The number of terms in Bart’s concept maps decreased from 22 to 18. In CM[0] Bart focused 
on the instruction of statistical concepts: ‘mean – frequency – sample – accuracy – box plot – 
circle diagram’. Bart also mentioned ‘gaining insight’ and ‘pedagogy’ as his main emphases. 
His reflections on group work focused on products: ‘poster – power point presentation’. 
CM[1] showed a shift towards the way to create the end products: ‘presentation – poster 
materials – power point – review – survey – internet – sample’. His remarks on group work 
focused on processes: ‘division of tasks – collaboration’. In CM[1] the terms ‘gaining insight’ 
and ‘pedagogy’ disappeared. He explained: ‘I believe the pedagogical part is rather difficult. 
I never really managed to get started on it (…). Well, that’s because I was mainly concerned 
with the organization’, and: ‘Yes, of course, gaining insight is also very important. I didn’t 
mention it and that’s partly because I did not have the idea that they gained any insights’.  
Bart’s initial practical knowledge fits into Meijer’s categories of ‘Knowledge of purposes’, 
with refining themes Statistical literacy and Concept learning; ‘Knowledge of instructional 
strategies’, with refining themes Pedagogical strategies and Group work. He emphasized the 
importance of ‘gaining insight’ and ‘subject matter’, stating for example ‘While performing 
research assignments, pupils learn less about the subject’s content. (…). The pupils are 
perfectly able to work together, but they don’t really know what to do’ (Int[0]), and 
‘pedagogy in the classroom’, mentioning ‘Discussing the results, of course. Showing them the 
possibilities. Making sure they deal with it in a certain manner by offering a different 
approach’ (Int[0]). 
Bart raised concerns with respect to ‘group work’ and ‘pedagogy in the classroom’: ‘I see the 
purpose in doing it as it stimulates all sorts of skills. (...) I opt for it myself, but then I kept on 
thinking: ‘I’m not sure, it takes up too much time’ (CM[0]). These concerns were grounded in 
previous teaching experiences. After the intervention, Bart said that the trajectory was quite 
demanding for him. After the implementation he repeated his concerns, for example about 
group work ‘The main problem with the instructional strategies is that it takes up so much 
time and effort. I believe there is a better way’ (Int[1]), which were apparently confirmed by 
his experiences during the lessons.  
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3.4.3 Christine 
The number of terms in both concept maps were almost the same: 16 and 15. Both concept 
maps focused on applying statistical concepts and statistical research skills. Her CM[0] 
showed no clear focus, with the various terms including: ‘pupils’ reading ability – searching 
for information – classify – interpret – daily life – attractive topics’. Her CM[1]was more 
coherent, with terms such as: ‘choose topic – information – knowing measures of centre – 
interpret results – describe connections’.  
Christine’s practical knowledge fits into Meijer’s categories of ‘Knowledge of purposes’, 
with refining themes Statistical literacy and Concept learning; ‘Knowledge of student 
learning and understanding’, with refining themes Pupils’ pre-knowledge and Pedagogical 
strategies; ‘Knowledge of instructional strategies’, with refining themes Guidance of pupils 
and Group work. She emphasized the importance of ‘the transfer of skills to other situations’ 
(CM[0]). Initially Christine’s statements were rather general, such as noting the importance 
of ‘pupils’ reading ability’ (CM[0]) or ‘guiding pupils by asking questions’ (Int[0]). Her final 
practical knowledge was less general and more related to statistics, as shown by her statement 
‘Yes, but it was hard to give pupils the direction in their search for mathematical relations, 
because we didn’t introduce it’ (CM[1]). Christine expressed great confidence in her pupils: 
‘I thought my groups managed to come up with some decent work. It was accessible and 
clear, and pupils could focus on answering their own research question’ (CM[1]). During 
lessons, Christine showed enthusiasm and she gave the pupils various opportunities, for 
example, giving them permission to collect data outside the classroom. After the intervention, 
Christine was more confident in guiding groups. She stated ‘We had to give the pupils some 
direction in forming their research question. Pupils can work from there’ (CM[1]), and ‘In 
selecting the groups, I found it striking that both Annet and I actually managed to come up 
with good results. Pupils in those groups worked really well, while problems occurred in 
groups that pupils had formed themselves’ (CM[1]). Christine used her initial concerns about 
group work to improve her educational output. 
 
3.4.4 David 
In David’s concept maps, the number of terms decreased from 42 to 19. However, in his first 
concept map he very schematically represented questions and their answers in different 
boxes. The focus of the first concept map was rather analytical with respect to research 
phases: on the right side he described the phases of scientific research as he saw them, on the 
left side of the concept map he described conditions, the role of the teacher and the evaluation 
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of the research. The terms were about educational quality, statistics and methodology. Since 
the research process was important to David, as shown by his statement ‘Given my own 
research experience I always deal with things in a chronological manner rather than within a 
conceptual frame’ (CM[0]) , the emphasis was on pedagogical goals. In his second concept 
map, David shifted towards a sequencing of the inquiry process that was more suitable and 
applicable to his pupils. On the left side, he described the research phases, ‘orientation – 
problem exploration – problem – goals – research design – implementation – evaluation’, 
which was an abridged version of the research phases from the first concept map. On the 
right side of the concept map, he described: ‘pilot conditions – teacher – vision – curriculum’. 
These terms aimed at the implementation of the teaching strategy and on the preconditions 
for conducting inquiry.  
David’s practical knowledge fits into Meijer’s categories of ‘Knowledge of purposes’, with 
refining themes Inquiry process, Statistical literacy and Concept learning; ‘Knowledge of 
student learning and understanding’, with refining themes Pupils’ pre-knowledge and Pupils’ 
learning; ‘Knowledge of instructional strategies’, with refining themes Guidance of pupils 
and Group work. In his initial practical knowledge he emphasized the importance of a 
chronological inquiry process and statistical literacy, he stated for example ‘For me this is a 
central goal. The reason you work with mathematics is to systematically analyse something’, 
(CM[0]). In his final practical knowledge he revealed his progressive ideas and linked these 
to experiences during lessons. However, he never mentioned ‘the pupils’, except for pupils’ 
pre-knowledge. He argued beforehand that ‘You look at a competence such as analytical 
ability, to name one. It’s just too abstract for pupils at this level, (Int[0])’, and afterwards 
‘Now I saw pupils struggling with problems(self-selected topics)I interpreted as: ‘Either too 
ambitious or too simple’ (CM[1]). 
The interviews reflect many concerns, particularly after the intervention. He seems rather 
concerned about the outcomes of the lessons. For instance, initially he was positive about his 
role in the group work (‘I’ll have the role of coach’, Int[0]), but afterwards he saw himself 
only as a provider of information. He argued for a pilot to identify the gaps in the teaching 
strategy (‘A pilot is a very important precondition’ CM[1]), which means that he had serious 
doubts about positive outcomes. 
David’s idea about pupil learning was characteristic of his approach. He mentioned that 
‘pupils need a longer period to get used to new ideas’ (Int[1]). Perhaps this reveals David’s 
way of learning and dealing with changes. Lesson observations showed that the atmosphere 
in the classroom was a little chaotic and that David did not really take the lead. He 
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mentioned: ‘The size of the groups depends on the guidance. I believe there are too many 
groups to help all at once’ (CM[1]), which may explain the situation in the classroom. His 
statement: ‘You are the oracle or walking encyclopaedia. You provide the knowledge. You 
will give them an explanation so that they know what to do next. When they’re busy with the 
exercise, the teacher is a guide for his/her pupils’(Int[1]), seems to describe his ideal 
situation.  
 
3.5 Conclusions and discussion  
The results show that our network strategy was successful to some extent. Teachers’ jointly 
working on a teaching design and its subsequent implementation enabled teachers to reflect 
on their knowledge and skills and extend their practical knowledge. 
The results also show the diverse nature of the teachers’ development and the changes in their 
practical knowledge. The concept maps helped to bring structure into changed aspects of 
teachers’ practical knowledge. Two teachers continuously set new goals to improve their 
lessons. The other two expressed concerns regarding new teaching strategies. Annet and 
Christine focused on conditions that improved learning results and the learning process of 
their pupils (impact concerns), while Bart and David were preoccupied with the task of 
delivering the textbook content. They had doubts from the beginning about the efficiency of 
the new teaching approach, with David advocating a pilot study and Bart continuously 
mentioning the lack of time and loss of control in the classroom. The teachers’ readiness to 
implement inquiry-based teaching seems influenced by their practical knowledge, for 
example, about ‘group work’ or ‘statistical content’. Annet and Christine emphasized that 
pupils should learn research and collaboration skills, which were, according to them, just as 
important as learning the statistical concepts. Bart and David, on the other hand, were 
primarily concerned to teach statistical knowledge, possibly conditioned by the textbook (task 
concerns). 
Changing their teaching practice raised what Fuller (1969) called ‘late concerns’ among the 
teachers. These concerns can take either a positive or negative form. An example of a 
positive concern is Christine’s statement: ‘We’ll pay more attention to preconditions’. These 
concerns are seen as challenges in a continuous learning process. Negative concerns, on the 
other hand, hinder teachers from further improving their practice. It seems that these negative 
teacher concerns are linked to an approach in which ‘subject matter content’ is predominant. 
Our findings also demonstrate that teachers’ efficacy beliefs are important in their further 
professional development and educational change. According to Timperley, Wilson, Barrar 
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and Fung (2008), for substantive learning, such as that involved in mathematical problem 
solving, pupils need extended time for learning and changing, which might also be true for 
teachers. It may take one to two years for teachers to understand how existing beliefs and 
practices are different from those needed in educational reforms, to build the required 
pedagogical content knowledge, and to change their practice. It seems that, if teachers don’t 
worry anymore about whether or not they are capable to handle new situations, they are able 
to focus on achieving learning outcomes for pupils or on making a teaching design more 
efficient. 
 
Although networks are considered as effective in influencing teachers’ efficacy beliefs 
(McDonald & Klein, 2003), we were not successful in realizing this with all teachers 
participating in our network. It is our impression that Bart and David needed more time to 
adopt novel teaching strategies. According to Timperley et al. (2008), time is not a sufficient 
condition for change: teachers also need to have their current practice challenged and to be 
supported as they make changes. We are also aware that we should further improve our 
professional development strategies. However, our network was an environment 
characterized by both trust and challenge. This is important as change involves both teachers’ 
emotions and teachers’ knowledge and skills (Timperley, et al., 2008). It should be noted here 
that both Bart and David wanted to continue the inquiry-based projects in the following 
school year, suggesting that their experiences were not so negative that they wished to stop 
the teaching experiment altogether. However, it seems likely that both teachers need support 
during the implementation of the teaching design. We should be aware that learning content 
through engagement in meaningful activities, supported by a rationale for participation that is 
based on identified student needs, has a greater impact on student outcomes than the 
circumstances that lead teachers to sign up (Timperly, et al., 2008). Our study supports this 
view, as due to commitment to the group, Bart and David were willing to continue in the 
professional development trajectory. 
 
This study reveals that use of concept maps yields useful information about teacher change in 
a specific subject if used in combination with interviews and lesson observations. However, 
the meaning of an increase or decrease of the number of concepts is not immediately obvious. 
An increase of the number of concepts may indicate a refinement of teachers’ practical 
knowledge. A decrease of the number of concepts may indicate a fragmented view on the 
central theme in the initial concept map. In general, it is much more difficult to build a good, 
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accurate concept map about a topic with a small number of concepts (e.g., four or five) than 
with fifteen to twenty concepts (see Novak& Cañas, 2006). An explanation of the emergence 
of new or more concepts needs to be distilled from additional data sources, like discussions of 
concept maps and interviews. 
Concept maps rendered an overview of the practical knowledge teachers activated when 
preparing a series of lessons. The information value of concept maps is limited. However, the 
overview serves as an excellent agenda for a subsequent discussion on the concepts selected 
by the teacher – and those not selected – and connections between concepts. The combination 
of concept maps and discussion gives insights into teachers’ practical knowledge. 
Additionally, interviews gave the possibility to question the teachers more in-depth and 
lesson observations revealed teachers’ action in the classroom, which served as addition to 
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Appendix 3.1: Pre- and Post-Concept maps of Annet 
 
3.1A: Pre-Concept map of Annet, 24 April 2006 
In the pre- concept map of Annet, the most important concepts according to Annet are marked 






research skills  
Work in groups 
Work systematically 




Transfer of knowledge (1) 
Apply in practice 
Pick the topic (2) 
Set the hypothesis (3) 
Formulate questions – formulate sub question 
Make questionnaire – execute field research 
Collect data – arrange data (4) 
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3.1B: Post-Concept map of Annet, 18 December 2006 
In the post- concept map of Annet, the most important concepts according to Annet are 






























Set the tasks 
Pick the 
topic 
Selection of Groups 
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Abstract  
In this qualitative study we used a case study approach to observe and analyse a mathematics 
teacher who was challenged to redesign her lessons during network meetings with colleagues. 
Changes in practical knowledge are described by means of concept maps and semi-structured 
interviews. We applied cycles of change from the Interconnected Model of Teacher 
Professional Growth to describe the teacher’s professional development. We show that the 
teacher’s pedagogical content knowledge changes in the domain of practical knowledge, and 
that controlled experimentation and reflection are necessary conditions to learn a new 
teaching strategy and to develop a series of lessons for pupils. 
 
Keywords 
Professional development, practical knowledge, teaching practice, modelling teacher change 
 
4.1 Introduction 
Recent developments of the mathematics curriculum in Dutch secondary schools and more 
attention to inquiry-based teaching in (statistics) education have made it increasingly 
important for teachers to be able to redesign their teaching practices. This development aligns 
with similar changes in other countries. According to Sowder (2007, p.157) several U.S. 
surveys reported that “improving the quality of teaching is the most important way to improve 
public education”. Much of what teachers need to learn must be learned in and from practice 
(Hammerness, Darling-Hammond & Bransford, 2005), and well-designed professional 
learning helps teachers to address changes needed in teaching and learning (Darling-
Hammond, Chung Wei, Andree, Richardson & Orphanos, 2009).  
Past research (see Guskey, 1986; Fullan & Stiegelbauer, 1991; Clarke & Hollingsworth, 
2002) has shown that, in order to be effective, teacher learning programmes should be active 
and practice-oriented (Clarke & Hollingsworth, 2002), and meaningfully situated in teachers’ 
classrooms (Putnam & Borko, 2000). The experience of implementing new teaching practices 
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changes teachers’ knowledge and skills when they experience that these yield better learning 
results and lead to pupils’ appreciation (Guskey, 1986, 2002). Reflection on the personal 
activities in the classroom can be considered as essential for teacher change. From the above 
it follows that we will take teachers’ educational practice as a starting point for their 
development.  
This study focuses on the continuous and long-lasting professional development of 
mathematics teachers. We have chosen to use a strategy in which teachers collaborate in a 
network of colleagues, where the network meetings act as a sounding board (see Stiles, 
Mundry, Loucks-Horsley, Hewson & Love, 2009). In network meetings they further improve 
and evaluate an earlier developed and implemented teaching design in the field of statistics 
for 7th grade pupils. The focus of this teaching design is on inquiry-based student work, aimed 
at students designing, performing and reporting statistical research. Through the network 
meetings teachers are introduced to the pedagogy of inquiry-based teaching. Our hypothesis is 
that the discussing of teachers’ experiences in the network meetings, their design of the 
lessons and their reflections lead to their development of practical knowledge (see also 
Darling-Hammond & McLaughlin, 1995; Meijer, 1999; Verloop, Van Driel & Meijer, 2001). 
We will use the Interconnected Model of Teacher Professional Growth by Clarke and 
Hollingsworth (2002) as a means to describe the process of professional development (see 
also De Jong, Van Driel & Verloop, 2005; Anderson & Moore, 2006) and study teacher 
change. 
 
4.2 Theoretical framework 
 
4.2.1 Teacher’s knowledge  
In literature, teacher change and professional development are connected in a way that 
professional development aims at establishing a change in teacher’s professional activity. 
Clarke and Hollingsworth (2002) describe several perspectives on teacher change and they 
suggest that the central focus of current professional development efforts most closely aligns 
with the ‘change as growth of learning’ perspective. They mention (ibid., p.948): “Within this 
perspective, change is identified with learning, and it is regarded as a natural and expected 
component of the professional activity of teachers and schools”. They hereby disassociate 
their perspective on professional development activities from the historical perspective, where  
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‘one-shot’ workshops aimed at teachers mastering prescribed knowledge and skills. These 
‘one shot’ approaches have been described as ineffective to change teachers’ knowledge and 
classroom practices (see also Guskey, 1986; Wood & Thomson, 1980; Fullan & Stiegelbauer, 
1991). According to the ‘normative-reeducative strategies’ (Chin & Benne, 1969) teacher 
change must take place as a result of reflection on the teaching practice, in which consultation 
with colleagues is an important element (see also Meijer,1999; Gallagher, Goudvis & Pierson, 
1988). These changes take place on the teacher’s own initiative, which is an important 
difference with the (‘one-shot’)strategies in which changes are imposed by school boards or 
policy makers.  
In this study we investigate changes in teachers’ practical knowledge, as changes in practical 
knowledge are necessary for changes in teachers’ behavior (Ajzen, 1985). Researchers have 
indicated that teachers’ beliefs, attitudes, and practical knowledge are crucial factors in 
promoting educational reforms, such as the implementation of inquiry-based instruction (Choi 
& Ramsy, 2010). In literature (Elbaz, 1981; Fenstermacher, 1994; Pajares 1992; Black & 
Halliwell, 2000; Verloop, Van Driel & Meijer, 2001; Meijer, Verloop & Beijaard, 1999, 
Pintó, 2005) the term practical knowledge is frequently used for the purpose of studying 
teachers’ knowledge that support and guide their practice. Fenstermacher (1994) defines 
practical knowledge as ‘the knowledge teachers themselves generate as a result of their 
experiences as teachers and their reflections on these experiences’. Verloop et al. (2001) add 
that (p.446): ‘(…) in the mind of the teacher, components of knowledge, beliefs, conceptions, 
and intuitions are inextricably intertwined’. Pajares (1992) states that knowledge and beliefs 
are seen as inseparable, although beliefs are seen roughly as referring to personal values, 
attitudes, and ideologies, and knowledge to a teacher’s more factual propositions (see also 
Meijer, Verloop, & Beijaard, 1999). Teachers’ practical knowledge is conceptualized as 
action-oriented and person-bound. According to Elbaz (1981) teachers are actively reflecting 
on their actions and, accordingly, constructing their own theories. As it is constructed by 
teachers in the context of their work, practical knowledge integrates experiential knowledge, 
formal knowledge, and personal beliefs (Verloop et al., 2001). People's beliefs have a 
predictable influence on their attitudes, thus, people construct their attitudes on the basis of 
their beliefs (Albarracin & Wyer, 2005). Meijer, Verloop and Beijaard (1999, p.60) mention 
that teachers’ practical knowledge is mainly tacit, which indicates that teachers are often not 
used to articulating their knowledge. It appears that it is difficult to distinguish between 
teachers’ knowledge and beliefs on one hand and between teachers’ beliefs and attitudes on 
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the other hand (Jones & Carter, 2007). Therefore, in this study we use the term practical 
knowledge to designate teachers’ knowledge, beliefs and attitudes. 
Shulman (1986a, p. 9-10) states that teachers’ practical knowledge, with special emphasis on 
content, concerns three categories. These are:  
1. Subject matter content knowledge. This is the subject knowledge that is required in 
order to be able to teach the subject in question (Sowder, 2007). 
2. Pedagogical content knowledge (PCK): ‘(..) It includes the ways of representing and 
formulating the subject that make it comprehensible to others’ (Shulman, 1986a, p.9; 
see also Shulman, 1986b). PCK means that teachers understand why pupils find certain 
concepts particularly difficult or easy.  
3. Curricular knowledge: This ‘is represented by the full range of programs designed for 
the teaching of particular subjects and topics at, a given level, the variety of 
instructional materials available in relation to those programs, and the set of 
characteristics that serve as both the indications and contraindications for the use of 
particular curriculum or program materials in particular circumstances’ (Shulman, 
1986a, p.10).  
Grossman (1990) added: 
4. Knowledge of context: Knowledge of context includes knowledge of school setting, for 
example culture, and knowledge of individual students (Magnusson, Krajcik & Borko, 
1999; Van Dijk & Kattmann, 2007).  
For this study, it is relevant to emphasize that in the subject of statistics objectives have 
recently shifted from statistical knowledge and skills towards statistical reasoning or 
statistical literacy, for example, in the Netherlands and in the US (see Burrill, 1991; NCTM, 
1989, 1991, 2000; De Lange, 1987). The goals of ‘Data analysis and probability’ in the 
curriculum include: ‘Enable all students to formulate questions that can be addressed with 
data and collect, organize, and display relevant data to answer them’ and ‘Select and use 
appropriate statistical methods to analyze data’ (see NCTM standards, 2000). Statistical 
literacy is seldom achieved by following the textbook (Doerr & English, 2003; Chance, 
2002), but requires organizing inquiry-based student activities. Inquiry-based teaching (see 
National Research Council, 1996) is a pedagogical approach that invites students to explore 
content by posing, investigating, and answering questions. 
In the context of the innovation of the Dutch statistics curriculum mathematics teachers 




4.2.2 Teachers’ professional development  
In this study the Interconnected Model of Teacher Professional Growth (Clarke & 
Hollingsworth, 2002), as shown in Figure 4.1, is used to represent chains of events that are 
responsible for changes in teachers’ practical knowledge. The Interconnected Model of 
Teacher Professional Growth (ICMTPG) suggests that teacher change occurs in recurring 
cycles through the mediating processes of ‘reflection’ and ‘enaction’ in four distinct domains 
that encompass the teacher’s world (Clarke & Hollingsworth, 2002). In short, experiences in 
the classroom, which are directed from the external domain or from teacher’s practical 
knowledge, lead to salient outcomes which influence teacher’s practical knowledge. 
Reflection is the ability to look back on an experience in a structured manner and to draw 
conclusions for future actions (Korthagen & Vasalos, 2009). Enaction is not only ‘action’, but 
more strongly, each action represents a confirmation of something a teacher knows, believes 




Figure 4.1: The Interconnected Model of Teacher Professional Growth 
 
The ICMTPG is non-linear and it recognizes the complexity of professional growth through 
the identification of multiple growth pathways between the domains. It recognizes 
professional growth as an inevitable and continuing process of learning (Clarke & 
External source 







and Attitude [PeD] 
            Reflection 
            Enactment 
PeD = Personal Domain 
ED = External Domain 
DoP = Domain of Practice 
DoC = Domain of Consequence 
Reflection             
Enaction                
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Hollingsworth, 2002). Change in one domain is translated into change in another domain 
through the mediating processes of reflection (dotted arrows) and enaction (solid arrow). We 
will describe the different domains of the ICMTPG (see Figure 4.1) below and how we use 
this framework in this study. This will be elaborated further in section 4.3.4. 
 
4.2.2.1 External source of information or stimulus in the external domain 
The external domain is distinguished from the other domains by its location outside the 
teacher’s personal world. Clarke and Hollingsworth (2002) mention that professional 
publications and conversations with colleagues are both important external sources of new 
information and stimulus. The external domain can be interpreted as the initiator of 
professional development. In our study, the network meetings serve to exchange knowledge 
and experiences, which will often trigger reflection on each other’s teaching practice and 
ideas. This may in turn result in an expansion of practical knowledge and refining one’s own 
teaching (Darling-Hammond et al., 2009; Borko, Mayfield, Marion, Flexer & Cumbo, 1997). 
Knapp (2004) and Day (1999) state that networks are powerful learning environments for 
teachers. According to Knapp (2004, p.121): ‘(…) The effort of collective sense making often 
prompts teachers to listen to children differently, examine their own practice more closely 
and reimagine possibilities for their work’. In our study, the role of the researcher is to 
manage the network meetings and to guide the teachers towards an inquiry-based teaching 
design. 
 
4.2.2.2 Professional experimentation in the domain of practice 
The key ingredient of this domain is teachers experimenting in their classrooms. Practices that 
are found to work - that is, those that teachers find useful in helping students attain desired 
learning outcomes - are retained and repeated. Those that do not work or yield no tangible 
evidence of success are generally abandoned (Guskey, 2002, p.384). In this study, 
experimenting is initiated by the network and guided by teacher’s practical knowledge.  
 
4.2.2.3 Salient outcomes in the domain of consequence 
Change in the domain of consequence is firmly tied to the teacher’s existing value system and 
to the inferences the teacher draws from the practices of the classroom. Clarke and 
Hollingsworth (2002) mention as an example that using a new teaching strategy can have a 
positive outcome for one teacher, but a feeling of loss of control for another teacher. This 
domain is therefore coloured by teacher’s expectations. Parallel to Guskey’s model of teacher 
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change (2002) significant change in teachers’ practical knowledge occurs primarily after they 
gain evidence of improvements in student learning. Teachers value a teaching strategy, 
because they have seen it works and that experience shapes their practical knowledge. In this 
study this domain is deepened by discussions during the network meetings, in which teachers 
reflect on their classroom experiences and the teaching design. 
 
4.2.2.4 Knowledge, beliefs and attitudes in the personal domain  
The personal domain reflects teachers’ practical knowledge, which encompasses teachers’ 
knowledge, beliefs and attitudes. A more detailed description of ‘practical knowledge’ is 
found in section 4.2.1. This personal domain may be considered as the resultant of the 
previous three domains. 
 
4.3 Context of the study and research questions 
 
4.3.1 Research questions 
This study aims to identify the events that contribute to the development of practical 
knowledge of one mathematics teacher, Annet. She improves an earlier developed teaching 
design in the field of statistics collaboratively in a network of colleagues. Annet was involved 
in setting-up and implementing the first design and the revision and implementation of the 
second design one year later. Therefore, Annet’s development can be addressed as long-term. 
The first research question focuses on Annet’s practical knowledge and is formulated as: 
Which long-term development in practical knowledge of Annet can we describe as a 
result of working in a teacher network, collaborating on a design and implementation 
of a series of lessons for teaching statistical research skills? 
 
As said, we will use the reflection model of Clarke and Hollingsworth (2002) with the 
objective to describe the process of professional development. Annet’s teaching practice 
forms the starting point for this development. The second research question in this study 
focuses on the ICMTPG. The second research question is:  
To what extent are the cycles of change, derived from the ICMTPG, adequate in 




4.3.2 The professional development program 
The professional development program in school year 2007-2008 consisted of further 
improving, implementing and evaluating a statistics project for 7th-grade pupils. In 
chronological order, the pupils conducted the following activities, spread over nine lessons: 
1. The teacher presented an introductory assignment for ordering ski-shoes. Pupils 
determined the different shoe sizes and their distribution. 
2. Pupils came up with a self-initiated research question in which distribution aspects 
come up, similar to the introductory assignment. 
3. Pupils collected their own data, analysed the data and computed measures of centre. A 
typical data collection method for pupils were developing and administering a 
questionnaire, 
4. Eventually, pupils made a poster of their research project with diagrams of the data, 
and presented their poster to their peers. Pupils commented upon each other’s research 
outcomes. 
 
Pupil’s activities mentioned above required the following knowledge of teachers: 
1. Subject matter content knowledge: Teachers needed subject knowledge in the domain 
of statistics, for example knowledge of (the use of) measures of centre, (the ways) to 
collect data and represent data. 
2. Pedagogical content knowledge: We assumed that, of the four knowledge bases, PCK 
has the greatest impact on teachers’ classroom actions (see also Gess-Newsome,1999). 
Teachers had to: 
x Judge the prior knowledge of the pupils: what do my pupils already know about 
statistics? 
x Judge the adequacy of the assignments: which assignments offer the best 
learning outcomes for my pupils? 
x Select the most appropriate teaching strategies: which method is suitable for my 
pupils?  
x Select the optimal guidance for the pupils: which role do I have in guiding my 
pupils with this type of assignments? How do I monitor the process?  
x Consider how to assess these assignments. 
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3. Curricular knowledge: The teachers should be aware of the intended learning 
outcomes in statistics education and the steps pupils had to make to reach these 
outcomes.  
4. Knowledge of context: The classroom practice of the teachers was part of the school 
environment and therefore depends on school rules. Besides that, the teachers had to 
take into account the differences between students and students’ backgrounds. 
 
The teacher’s task was to guide pupils during their research activities and statistical analysis 
of the data they collected. These activities were new to the pupils as well as to the teachers. 
Since traditional mathematics lessons are based on mathematics textbooks, this was a 
completely different way of teaching and learning mathematics. The role of the teacher in an 
inquiry-based classroom is quite different from a teacher in a traditional classroom. Instead of 
providing direct instruction to students, teachers help students generate their own questions 
and guide their investigations (see Keys & Bryan, 2001).  
 
The professional development program started in school year 2006-2007 (round 1) and 
continued in school year 2007-2008 (round 2). In both years at least three teachers 
participated. Annet was the only mathematics teacher who joined the network both school 
years. Therefore, she is an interesting teacher for describing the long-term process of teacher 
change.  
The professional development was organised by letting teachers design their lessons in a 
network with colleagues facilitated by a teacher trainer, who is the first author of this paper. 
The network meetings were used to discuss the design and reflect on the lessons taught by the 
teachers. We hypothesize that Annet’s practical knowledge would develop during the network 
meetings and the lessons, and this development will be outlined by means of concept maps 
and semi-structured interviews. Lesson observations are conducted to indicate teacher 
behaviour during the implementation of the teaching design.  
 
4.3.3 Network meetings  
During the network meetings the teachers further improved the teaching design for 7th grade 
pupils, in the field of statistics, in which pupils conduct research under a teacher’s 
supervision. Of course Annet, due to her participation in the former year, already became 
more acquainted with developing and teaching research assignments.  
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The following conditions for teacher networks aimed at contributing to teacher change (see 
Day, 1999; McDonald & Klein, 2003):  
1.Teachers are enabled to exchange experiences and knowledge about their teaching,  
2.The network meetings have a clear focus and purpose,  
3.The teachers meet regularly in the network setting, 
4.The issues addressed are linked to the everyday practice of the teachers involved.  
The teacher network in this research study met these conditions and it can therefore be 
expected to function as a powerful learning environment for the teachers. The design of the 
network meetings and the way the mentioned conditions fit into this design are discussed in 
this section. 
 
We identified the following aims of the network meetings: 
1. To introduce teachers to the pedagogy of inquiry-based teaching. The supervisor 
familiarized the teachers with this teaching method by providing relevant literature.  
2. To learn to recognize which characteristics of the teaching design impedes or 
improves its implementation or effectiveness. 
3. To learn to focus on feasible teaching goals. These goals are related to two specific 
domains, namely statistics and research skills. 
4. To learn to focus on feasible personal development goals. These personal development 
goals could vary from learning to supervise pupil group work effectively to a 
reintroduction to the field of statistics. 
5. To get acquainted with the various opinions of colleagues. The teachers had to achieve 
agreement on the contents and the implementation of the teaching design. This aim 
differs from the previous aims, because this is a network goal. The former goals are 
aimed at improving the practical knowledge of the teachers. 
 
Each network meeting lasted 50 to 90 minutes. During the first network meeting, the teachers 
agreed on a minimum of five network meetings, which they thought were necessary to 
improve and evaluate the teaching design. Roughly, it can be said that in the first four 
network meetings the teachers together determined the renewed structure and implementation 
method of the teaching design. The supervisor organized the meetings, provided information, 
stimulated the progress of the work and stimulated reflection. This is a matter of collaborative 
learning; the researcher abdicates her authority and empowers the small group who is given a 
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more or less open-ended, complex task (see Rockwood, 1995a, 1995b). The fifth meeting was 
an evaluation meeting and took place after the teaching design had been implemented.  
 
Figure 4.2 presents the intervention, including the network meetings and lessons, specified for 
Annet. The intervention in this study includes the whole of network meetings and lessons.  
 
N1 N2 N3 N4 L1 L2 L3 L4 L5 L6 L7 L8 L9 N5 
 
 
22 January 2008   20 May 2008                                                 4 June 2008                      
 
CM[2] drawn up by Annet on 10 June 2008  
Discussion of CM[2] and Int[2] on 25 June 2008 
 
Nx = Network meeting number x; Lx = Lesson number x. 
CM[2] = Annet’s final concept map; Int[2] = Annet’s final interview 
Figure 4.2: Graphic representation of the intervention 
 
4.3.4 An operationalization of the Interconnected Model of Teacher Professional Growth 
In the former sections we described the four distinct domains which encompass the teacher’s 
world according to the ICMTPG (Clarke and Hollingsworth, 2002). Figure 4.3 represents an 
operationalization of this model, adjusted to this research study. The numbered arrows will be 
explained in section 4.6.2. 
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We will describe the different domains of the ICMTPG (see Figure 4.3) below. 
 
External source of information or stimulus in the external domain 
We will refer to this domain as ‘Network of mathematics teachers’. In our study the 
conversations with colleagues in the network is an important stimulus. During the network 
meetings the teachers were enabled to exchange experiences and knowledge about their 
teaching. Another stimulus for the teachers is the supervisor, who, for example, shared 
literature with the teachers. However, the supervisor did not directly influence the creation of 
the teaching design. 
 
Professional experimentation in the domain of practice 
During the network meetings teachers agreed on improvements concerning pedagogical and 
teaching goals (see section 4.3.3). The domain of practice in this study represents ‘Teacher’s 
classroom practice’, in particular the implementation of the improved teaching design and 
teachers’ behavior during the lessons.  
 
Salient outcomes in the domain of consequence 
In our research study, salient outcomes are new conclusions drawn by the teachers with 
respect to their classroom practice, named ‘Teacher draws new Conclusions’. The salient 
outcomes describe the reflection of the teachers on what happened during the lessons and, for 
the teachers, the important events during the lessons.  
 
Knowledge, beliefs and attitudes in the personal domain 
We refer to this domain as ‘Practical knowledge’. As we mentioned in section 4.2.1, we use 
the term practical knowledge to designate teachers’ knowledge, beliefs and attitudes. 
 
The arrows in the model, as shown in Figure 4.3, are elaborated for this research in tables 4.1 
(reflection) and 4.2 (enaction). It is shown how the different forms of reflection and enaction 





Table 4.1: Reflection from one domain to another in the Interconnected Model of Teacher 
Professional Growth 
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PK=Practical Knowledge, NoMT = Network of Mathematics Teachers, TCP=Teachers’ Classroom Practice and 






Table 4.2: Enaction from one domain to another in the Interconnected Model of Teacher Professional 
Growth 
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Teachers’ practical knowledge 
determines the contribution to 
the network meetings. 
Teachers’ practical knowledge 










The network meetings 
determined pedagogical 













What happened in the 
classroom, the reaction of the 
pupils, determined the revision 
of the teaching design. 
 
― 
PK=Practical Knowledge, NoMT = Network of Mathematics Teachers, TCP=Teachers’ Classroom Practice and 
TdnC = Teacher draws new Conclusions. ‘―’ means that there is no direct enaction from one domain to another. 
 
A closer look at tables 4.1 and 4.2 shows that reflection mainly occurs to the domains 
’Practical knowledge’ and ’Teacher draws new conclusions’ and that enaction mainly occurs 
to the domains ’Network of mathematics teachers’ and ‘Teacher’s classroom practice’.  
 
4.3.5 Changes of Annet during the former school year  
In a former qualitative study (Witterholt, Goedhart & Suhre, submitted) we discussed the 
initial development of Annet. From the data, we identified three categories in which changes 
in practical knowledge of Annet occurred, namely ‘Selection of learning material’, ‘Providing 
feedback to pupils’ and ‘Group assignment’. The categories are all connected to Shulman’s 
categories (1986a), mainly to pedagogical content knowledge. The most important changes 
originated from the implementation of the teaching design. Examples are the ideas about the 
introductory assignment, which did not relate enough to pupils’ prior knowledge, the 
difficulties with pupils working in groups and the lack of experience Annet had with 
supervising pupils while they were carrying out research tasks. We found that changes in 
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practical knowledge originate from alignment or lack of alignment of expectations expressed 
during the network meetings and experiences during the implementation of the teaching 
design, resulting in reflection on the classroom activities during the evaluation network 





The network in this study comprised three mathematics teachers from the same school in 
presence of a supervisor who is also the researcher. The teachers voluntarily signed up for 
participation in this study during a meeting attended by all mathematics teachers working at 
the school as well as the researcher. In this paper, we will focus on one mathematics teacher, 
Annet. This is a fictitious name. Below, important information about Annet is given. 
  
Sex: Female  
Age: 49  
Number of years of experience in education: 11  
Number of years of experience in teaching in the first stage of secondary school: 4 
Experience in statistical research assignments: Assisted in one project in the third year of 
‘mavo’ (junior general secondary education). Furthermore, she participated in the network 
meetings for the development, implementation and evaluation of a teaching design for 7th-
grade pupils in the field of statistics in 2006-2007. 
Experience in collaborating with other mathematics teachers: Tailoring levels and skills of 
pupils, tests and study guides. Finally, the realization of a teaching design for 7th-grade 
pupils. 
Experience in statistics: At University – subject knowledge, except for school statistics, has 
largely been forgotten. 
 
The pupils were 7th graders, the first year of Dutch secondary education, aged 12-13 years. 
Both the teachers and the pupils had little or no experience with this type of teaching. 
The school is a large comprehensive school with ‘vmbo’ (pre-vocational secondary 
education), ‘havo’ (senior general secondary education) and ‘vwo’ (pre-university education) 
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sections in a small town in the north of the Netherlands, with pupils mainly from villages 
around the town.  
 
4.4.2 Research instruments  
Four different research instruments were used in order to provide an extensive overview of 
teacher’s practical knowledge and its changes. These research instruments included concept 
maps, semi-structured interviews, registrations of network meetings and lesson observations. 
Below, each instrument will be briefly discussed. 
 
4.4.2.1 Concept maps  
Annet drew up a number of concept maps – a pre-concept map CM[0] before the first 
intervention and a post-concept map CM[1] afterwards in the school year 2006-2007, and a 
third measurement, CM[2] after the intervention in the school year 2007-2008. The central 
theme in all concept maps was ‘learning and teaching statistical research skills’. After having 
drawn up the concept maps were individually discussed with Annet. The concept map 
discussions took about 30 to 40 minutes. The discussions were taped with a voice recorder 
and transcribed afterwards. Figure 4.2 reports the dates of the drawing up of the concept maps 
of Annet and the subsequent discussions. 
 
4.4.2.2 Interviews 
Individual semi-structured interviews were held directly after the concept map discussions. 
The interviews were taped with a voice recorder and transcribed verbatim afterwards. In 
accordance with the naming of the concept maps, we will call the pre-interviews Int[0], Int[1] 
and Int[2]. All interviews contained exactly the same questions. The interviews supplemented 
the concept map discussion to make sure no information was excluded. For example, the 
teachers were asked how they felt that pupils should learn statistical research skills and how 
these skills should be taught. The semi-structured interview took about 15 to 20 minutes per 
teacher.  
 
4.4.2.3 Registrations of network meetings  
All five network meetings were taped with a voice recorder and subsequently transcribed. The 
transcriptions provided insight into: 
1. Annet’s practical knowledge and, particularly, changes in her practical knowledge. 
2. Reasons why Annet and the other teachers revised their practical knowledge. 
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3. Whether the network meetings functioned as a powerful learning environment for the 
teachers. 
4. The changes to the teaching design which were discussed during network meetings. 
The teaching design in itself is left out of consideration in this part of the study. 
5. Teacher’s experiences with the implementation of the design.  
 
4.4.2.4 Lesson observations 
A total of six lessons were planned to teach the design. Two of these lessons, the first and the 
fourth lesson, were recorded with a video camera, focusing in particular on Annet’s activities 
during the lesson. Everything she said was subsequently transcribed. These transcriptions 
aimed to find out what Annet said during the network meetings matched with her actions in 
the classroom. 
 
4.4.3. Data analysis 
The concept maps and the associated interviews provided insight into the teacher’s practical 
knowledge and into the relationships that exist between the knowledge and concepts indicated 
by the teacher (see also Zwart, Wubbels, Bergen & Bolhuis, 2007; Meijer et al., 2002). The 
concept maps and interviews enabled Annet to indicate her knowledge in the fields of 
statistics, statistics teaching and the supervision of research assignments. Differences between 
concept maps and the associated interviews at different moments enabled us to check whether 
any development has taken place in Annet’s practical knowledge, whether goals have been 
revised and whether expected bottlenecks have indeed occurred. Transcriptions of network 
meetings, concepts maps and interviews gave us insight into teacher’s expectations according 
to further improving and implementing the teaching design. 
Data analysis took place in a number of phases. Although the analysis took place for all 
participants, we only focus on the data of Annet.  
 
Phase 1: Analysis of concept maps and interviews. All three concept maps of Annet were 
analysed and compared for themes and concepts. Shulman’s (1986a) classification (see 
section 4.2.1) was used as the basis for categorizing themes and concepts. Differences and 
similarities were subsequently described and the transcribed texts of the concept map 
discussions and the interviews were also compared. Recurring as well as newly brought up 
themes and concepts were identified.  
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Phase 2: Analysis of network meetings and lessons. Transcriptions of teachers’ consultations 
were analysed on recurring and newly brought up themes per network meeting. The video 
recordings of lesson 1 and lesson 4 were watched and Annet’s actions and utterances during 
the lessons were transcribed. Data from network meetings and lessons were combined in 
order to check whether the teacher’s actions matched the agreements made during the network 
meetings.  
 
Phase 3: Combining data from the various research instruments. Data triangulation was used 
to guarantee the validity of this qualitative study (see also Meijer et al., 2002 and Denzin, 
1970). To this end, the data from the four research instruments were combined. We examined 
whether themes from concept maps and interviews matched, and similarities and differences 
in themes, concepts and utterances from concept maps and interviews were mapped for 
Annet. The network meetings and lesson observations were used to investigate where 
differences emerged and where similarities were strengthened. 
 
Phase 4: Describing the results by themes. The ultimate aim was to gain an overview of the 
differences in Annet’s practical knowledge before and after the intervention, using Shulman’s 
(1986a) categories referred to in §4.2.1. In the course of the process of triangulation the 
existing categories were adapted in the framework of this study (cf. Glaser & Strauss, 1999). 
The arising categories are leading in describing Annet’s practical knowledge.  
The arising categories were connected to the ICMTPG, thus providing insight into the 
underlying processes. This means that we described the chains of events occurred using the 
domains of the model.  
 
4.5 Results  
In this section we focus on Annet’s development during school year 2007-2008 (round 2), 
which became visible in the analysis of concept maps, interviews, network meetings and 
lessons. 
 
4.5.1 Network meetings and lessons 
During the network meetings teachers agreed that the teaching design would be 
collaboratively improved. During the last network meeting of round 1, teachers made a list 
with suggestions for improvement and this list was used as a source for revisions during the 
network meetings of round 2. In round 2, a new group of teachers (with exception of Annet) 
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tried to reach agreement on teaching goals, necessary revisions and the program of the 
lessons, taking into account the suggestions for improvement from round 1.  
In short, the most important changes implemented in the new design were:  
1. Pupils worked in pairs rather than in foursome. 
2. The introductory assignment was adapted to serve as an introduction to the measures 
of centre and explained what statistical research is by providing an example. 
3. The assignment was changed from open to semi-open. Pupils chose their own topic 
out of a list of three. Within this topic they devised their own research question. 
4. The introduction and use of Excel was excluded from the teaching design, because it 
took too much time. 
5. The progress of pupils was tracked in a less-detailed way by leaving out pre-structured 
logbooks and the progress diagram. 
The first network meeting was used to explore each other’s ideas. During the later network 
meetings a new introductory assignment was shaped, assuming that this assignment would 
better fit pupils’ knowledge and notions about statistics. The program was detailed per lesson 
and agreements about the implementation were made, such as the number of lessons and the 
activities per lessons. Learning objectives were formulated particularly concerning pupils’ 
collaboration skills and their understanding of statistical concepts. 
 
Furthermore, the meetings were used to divide tasks, such as redeveloping the introductory 
assignment and redesigning the teacher manual. The teachers produced draft versions of the 
introductory assignment and the teacher manual, which were discussed in the second network 
meeting. Discussions resulted in suggestions and ideas to be incorporated in improved drafts, 
which were discussed in the third and fourth meeting until consensus was reached. The 
teaching design was implemented after the fourth network meeting and the evaluation of the 
topic was planned to occur in the fifth network meeting. 
 
Annet needed a total of nine, instead of six, lessons to complete the teaching design. She 
introduced the research project to her pupils during the first lesson. As intended, she provided 
an example of what the pupils could expect. In the first lesson pupils chose one of the possible 
topics. In the next lesson, pupils came up with the corresponding research questions. After 
approval of their plans they conducted their research in pairs and created the final product: a 
poster with their research data. Annet monitored the pupils’ progress by keeping them to their 
plans. In the ninth and last lesson, the pupils presented their posters and were allowed to ask 
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critical questions about the posters made by other groups. Annet supervised this process and 
made sure that the pupils did not just throw comments at each other but rather asked critical 
and informative questions.  
 
For practical reasons Annet decided, after having consulted her colleagues, to implement the 
improved teaching design in the 8th grade rather than in the 7th grade. Annet, individually, 
tailored the teaching design to the requirements of her pupils, thus deviating from the 
agreements made in the group. Further, during the first lesson she used an instruction video 
for demonstrating statistical concepts. She also depicted the median by letting all pupils stand 
in a queue of increasing shoe size. Moreover, Annet introduced the computer program Excel 
in her lessons. During the implementation of the teaching design she shared her ideas with 
two other members of the network who did, or did not, took over her ideas. This illustrates 
that Annet is confident to improvise during the lessons, thus adapting the lesson plan to the 
present situation in the classroom, as an example of ‘Knowledge of context’. 
 
4.5.2 Annet’s practical knowledge  
Data from different sources were combined to analyse Annet’s practical knowledge (see 
phases 1-4, section 4.4.3). Annet’s practical knowledge is presented in table 4.3. Concept 
maps, discussion of concept maps and subsequent interviews led to the identification of a 
number of opinions held by Annet. These were arranged in small number of themes (second 
column of table 4.3). Discourse during network meetings and lessons observations revealed 
other aspects of Annet’s practical knowledge (fourth and fifth column of table 4.3). The data 
obtained could be grouped into the following categories: ‘selection of learning materials’, 
‘providing feedback to pupils’ and ‘group assignment’. These categories correspond with 
types of practical knowledge within Shulman’s pedagogical content knowledge. In the last 
column of table 4.3 we give examples of statements by Annet, mostly from network meetings 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In table 4.3, we find some contradictory statements made by Annet, indicating changes that 
took place during the period of the intervention. One example, in the upper row, is that in the 
category ‘selection of learning materials’ she initially agreed with the group to restrict the 
topics pupils could choose, but during lesson 2 and in her last concept map discussion she 
changed her opinion. Something similar happened on the use of Excel. Initially, the teachers 
agreed not to use this software but during her lessons Annet decided to use it to save time for 
the pupils. This change was both visible in the concept maps and in her lessons. 
Another example is the theme of ‘(student) Collaboration’. This theme is absent in CM[0], 
appears in CM[1] and gets a prominent role in CM[2]. Another new theme ‘Inquiry-based 
teaching’ arises in CM[2]. This theme indirectly implies a changing role of the teacher, and 
the theme ‘Role of the teacher’ therefore disappears in CM[2]. On the other hand, the themes 
‘Evaluation’ and ‘Introduction of statistical concepts’ disappear in CM[2] compared to 
CM[1]. 
 
Table 4.4 shows changes in Annet’s practical knowledge, over a period of two years. The 
changes are described for the three categories mentioned above and to ‘Commitment to the 
teaching design and to the group’, which fits in Grossman’s category ‘Knowledge of context’. 
The last four columns connect to the ICMTPG as these consist of descriptions of Annet’s 
activities within the different domains of the ICMTPG. The descriptions in table 4.4 are 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Although changes did occur in Annet’s practical knowledge, a number of beliefs with regard 
to the teaching of research assignments appeared to be unchanged. During the entire period 
Annet stayed convinced of the importance to carry out research assignments during 
mathematics classes, because, she says, it is likely that pupils learn other things than 
concepts, like inquiry, presentation and collaboration skills. Furthermore, she stayed 
convinced that an inquiry-based approach will stimulate pupils to learn statistics. It is likely 
that her experiences have led to strengthening of these beliefs, but this could not be supported 
by our data.  
 
4.5.3 Reflection and enaction  
Annet explored a new teaching strategy (enaction of Annet’s initial exploration), reflected on 
the consequences of that exploration, and found that notable outcomes were improved student 
learning and motivation, and improved teacher learning such as increased knowledge of the 
introduction of statistical concepts and the use of statistical computer software in research 
assignments. According to Clarke and Hollingsworth (2002, p.960), these changes in 
practical knowledge, as described in table 4.4, are considered as examples of teacher growth. 
Examples of enaction are also shown in table 4.4. During the intervention Annet enacted the 
ideas generated in the network meetings and her classroom experiences in the revised design 
and in her teaching practice. This is shown in Figure 4.3 by arrow 6. During round 1 this 
teaching strategy was new to her. Annet decided to reuse this teaching strategy in round 2, 
which represents the enaction of a newly developed belief in student ability to learn statistics 
when working in collaborative groups. Annet’s enactions are described in the sixth column of 
table 4.4. 
A new teaching strategy, together with new research assignments, a changing role in the 
classroom and also the working in a collegial network are all new components of Annet’s 
teaching practice. Having experimented, and reflected on these experimentations, and 
interpreting the events in the classroom in terms of outcomes that she valued, Annet draws 
new conclusions. This is designated in the ICMTPG as the ‘domain of consequence’ and is 
considered as the reflective link between the domain of practice and the personal domain (see 





4.6 Conclusions and discussion 
 
4.6.1 Annet’s changes in practical knowledge  
This study focuses on the question whether we can identify a development in Annet’s 
practical knowledge during her participation in a network of colleagues for two contiguous 
years. It appeared that we found a number of categories in which growth of knowledge 
became evident, most of them connected to Shulman’s pedagogical content knowledge 
(1986a). This practical knowledge is important in designing and implementing inquiry-based 
teaching and is about issues like organisation and supervision of group work, the degree of 
openness of assignments and the information students need to perform the task successfully 
and how teachers should provide this information to their students. We should bear in mind 
that this teacher did not work with inquiry-based teaching before and that the practical 
knowledge in this area is new to her. We expect that she will further extend her practical 
knowledge in future experiences, since she has shown to be open to experiment in the 
classroom. 
Additionally, we found some changes in Grossman’s category ‘Knowledge of context’, 
which are related to Annet’s commitment to the group and to the assignment. Annet joined 
both the network meetings in 2006-2007 and in 2007-2008, and it appeared that Grossman’s 
category originated from the second year’s experiences. Thanks to her ‘Knowledge of 
context’ Annet was confident to deviate from the initial plan. She decided to use the 
computer, contrary to agreements made during the network meetings. This is an example of 
the so-called ‘Reflection-in-action’ (Schön, 1983), the process that allows us to reshape what 
we are working on, while we are working on it. This is an interesting development, because 
Annet is now able to improvise and to deviate from the intended plans, taking into account 
the situation during the lessons. Such improvisation was not observed with the other teachers 
and Annet did not improvise during the implementation of the teaching design during round 
1. We may conclude that, although her commitment to the group and to the teaching design 
was good, she has followed her own path in the execution of the teaching design. 
 
In our research study, we offered, as recommended by literature, a professional development 
program that is active and meaningfully situated in Annet’s own classroom. Teacher change 
starts with the formulation of expectations and reflection on former experiences during the 
Chapter 4 
 108 
network meetings. The most important changes originate from the implementation of the 
teaching design in the classroom, by means of discrepancies between expectations and 
experiences, such as the guiding role of the teacher, group work or the use of the computer 
program Excel (see also table 4.4). Reflection on the formulated expectations during the 
network meetings and during and after the lessons resulted in knowledge acquired during a 
process of two years. This is expressed in the fact that after each intervention, Annet’s ideas 
were more sharply defined and she had a clearer picture of the learning material to be 
selected, the feedback to be provided to pupils and the ways to promote collaboration 
between pupils.  
 
4.6.2 The Interconnected Model of Teacher Professional Growth 
An operationalization of the ICMTPG is presented in Figure 4.3. We explain how we used 
this model for describing professional growth of Annet, by firstly describe a number of 
‘cycles of change’. These cycles result from findings from the second round and can be 
traced in table 4.4. Secondly, we give an overview of the different processes during the first 
and the second round. 
 
Cycle of change: Chain 2 → 5 → 7 → 9 → 4 
Annet explored a new teaching strategy during the network meetings. She contributed to 
these meetings by using her practical knowledge that was partly based on her former 
experiences with the first teaching design (arrow 2). Arrow 5 represents Annet’s enaction of 
the design. Annet reflected on the consequences of that implementation, as represented by 
arrow 7, and decided that notable outcomes of the implementation of the design were 
improved student learning and motivation, and her increased satisfaction. Arrow 9 represents 
Annet’s reflection on the constituted outcomes of this exploration. This led to changes in 
practical knowledge regarding the value of this strategy (arrow 9), and consequently the 
inclusion of the strategy as a part of Annet’s practice. Arrow 4 represents the application of 
the new practical knowledge (via enactment) as a regular feature of Annet’s practice, to be 
further refined through Annet’s on-going experimentation and consequent reflection. In other 
words, arrow 4 means that decisions made by Annet during the lessons are based on her 







Cycle of change: Chain 8 → 6 → 3  
Clarke and Hollingsworth (2002) state that teachers use their practical knowledge in 
experiences that lead to new conclusions (salient outcomes). Annet uses her practical 
knowledge to model her newly acquainted conclusions drawn from the first round (arrow 8). 
These conclusions will affect her classroom practice during the second round (arrow 6). The 
new experiences, after implementing the improved teaching design, give rise to reflection and 
to an adjustment of her practical knowledge (arrow 3). 
 
Cycle of change: Chain 5 → 7 → 6 → 3 → 4 
Annet developed a new teaching strategy during the network meetings. Arrow 5 represents 
Annet’s enaction of the strategy: this represents the newly developed practical knowledge 
during round 1 that, according to Annet, this strategy is a useful and valuable experience for 
pupils during mathematics classes. After the implementation of the teaching design, Annet 
reflected on the consequences of that implementation, as represented by arrow 7, and decided 
that notable outcomes were improved student learning and motivation, and increased 
satisfaction with respect to her teaching. Furthermore, Annet enacted her conclusions during 
the implementation of the teaching design (arrow 6). This cyclic process of reflection and 
enaction during teaching (arrows 6 and 7) refers to Donald Schön’s ‘Reflection-in-action’ 
(Schön, 1983). It helped her to reshape what she was working on, while she was working on 
it. At the same time, Annet reflected on the implementation of the teaching design by means 
of comparing expectations with experiences, influencing her practical knowledge (arrow 3). 
Arrow 4 represents the application of the new practical knowledge (via enactment) as a 
regular feature of Annet’s practice, to be further refined through Annet’s on-going 
experimentation and consequent reflection. This is an example of ‘Reflection-on-action’. 
Schön (1983, p. 26) mentions “We reflect on action, thinking back on what we have done in 
order to discover how our knowing-in-action may have contributed to an unexpected 
outcome”. 
 
Some striking differences occur between the first and the second round of developing and 
implementing a (revised) teaching design: 
x In round 1 the arrows describing the process of teacher change are mainly 2 (this is 
not yet firmly developed), 1, 5, 3, 7, 8, 9. 
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x In round 2 the process may be described by the arrows 2 (Annet’s contribution to the 
network meetings is stronger now), 4, 6 and 8 (also stronger than during round 1).  
Thanks to the growth of her practical knowledge, her enaction becomes more explicit (arrows 
2, 4, 6 and 8). The result was that Annet was able to tailor the teaching and the design to the 
requirement of her pupils, and to adapt her actions more to the classroom context. 
Annet has a number of personal characteristics that might contribute to the success of the 
intervention. She is receptive to new ideas and she is not afraid of experimenting in her 
classroom. She has a high level of reflective skills, enabling her to learn from her own 
experiences. For her contribution to the network it is important that she is able to guide and 
stimulate her colleagues.  
 
Answering the second research question (see §4.3.1), it appears that the ICMTPG is adequate 
in describing teacher change. Table 4.4 shows that the different domains can be distilled from 
our research data. The ICMTPG gives insight in the underlying processes of reflection and 
enaction. It is also clear that teacher change involves cyclic processes, as the described cycles 
show and that teacher change is connected to teacher growth (see §4.5.3).  
 
4.6.3 The practical relevance of the Interconnected Model of Teacher Professional 
Growth  
Several research studies reported about the use of the ICMTPG in teachers’ professional 
development. Justi and Van Driel (2006) use the ICMTPG as the framework for the 
establishment of the relationships between the different data gathered in characterising 
science teachers’ knowledge on models and modelling. They identify a more detailed 
definition of each of the domains in the context of their project, in order to facilitate the 
analysis of the data. Furthermore, they show that the ICMTPG was successful as a framework 
both to design a professional development project, and to analyze and understand the growth 
of teachers’ knowledge within the context of their project (p.448).  
Goh and Yoon (2010) believe that teachers should be actively involved in professional 
growth through reflection and enactment and therefore they have chosen the ICMTPG as an 
analytical tool. Their study investigates the changes in instructional practice of an 
experienced science teacher over two cohorts of students. They compare changes in 
instructional practice when novel nanoscience content is taught in two consecutive years. 
They identify that the domains of consequence and practice play significant roles in the 
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adaptation of the innovation. The ICMTPG framework is used to interpret their findings and 
to map reasons for the changes.  
Coenders, Terlouw, Pieters and Dijkstra (2010) refer to the External Domain of the ICMTPG 
when designing innovative teaching materials: “When the learning material has to be 
innovative, developers need to be able to draw on external resources for new ideas” (p. 537). 
During the writing of the material, teachers learn by using five sources from the External 
Domain. As examples they mention (p.551) ‘experiences from each teacher who acted as 
inspiration for the others’, ‘discourse during network meetings about produced materials and 
envisaged class use’ and ‘specific literature (e.g., on cooperative learning)’.  
Anderson and Moore (2006) used the ICMTPG to inform the development and evaluation of 
a new course for teachers: the Certificate of Secondary Mathematics Education (CSME). 
They found evidence of change in the domain of practice, the domain of consequence and the 
personal domain for at least some participants. However, they notice, a more detailed analysis 
to find evidence of change and growth networks would require in-depth interviews and 
observations with these teachers. 
Voogt, Westbroek, Handelzalts, Walraven, McKenney, Pieters and De Vries (2011) report 
the use of the ICMTPG to identify processes of teacher learning during the collaborative 
design of curriculum materials in the context of curriculum innovation. They conclude that 
the ICMTPG can be used to identify learning processes that are fostered by collaborative 
curriculum design in teams of teachers. 
 
From the above we see applications of the ICMTPG in designing professional development 
programs for teachers. Another branch of research uses the ICMTPG as an analytical tool to 
interpret findings on teacher change and evaluating new teacher training courses. None of 
these studies report about drawing up cycles of change, derived from the actual research data 
to describe professional growth. Our study is therefore an important addition to existing 
research. 
 
4.6.4 Implications of this study 
Our intervention has a few features that made it successful (at least for one teacher), mainly 
for the reason that these features are linked to the (success of) everyday practice of the 
teachers. Regarding the organization of the professional development these features are: 
x The network serves as a community in which teachers are invited to exchange their 
ideas and opinions. 
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x The teachers involved are from the same school. This enforces collegiality and this 
creates commitment to the group and to the teaching design. 
x A teacher educator functions as a mediator, organising the meetings and providing 
information. 
 
Regarding the teacher activities in the network the features of our approach are: 
x Teachers design teaching materials by exchanging experiences and knowledge. They 
discuss pupils prior knowledge, structure of learning materials, and teaching 
objectives. 
x Although teachers collaborate in the network, they individually make their own 
decisions on revising and implementing the teaching design. 
x During network meetings, teachers discuss about alternative approaches, which leads 
to a founded choice. 
x Teachers consider their own and others’ teaching practice critically and they monitor 
the quality.  
x Enactment of teaching practices and reflection on experiences from the classroom has 
been a major ingredient of the network meetings. Processes of reflection and enaction 
are prerequisites for learning and these processes have to become ingrained.  
x Teachers experience what does and does not work for their pupils in providing and 
applying statistical concepts. Statistical literacy includes basic and important skills 
that may be used in statistical information and research skills. These skills include 
being able to organize data, construct and display tables, and work with different 
representations of data. Statistical literacy also includes an understanding of concepts, 
vocabulary, and symbols (Garfield, delMas & Chance, 2003)  
 
This study shows the value of a coaching approach in a network environment to improve 
teachers’ practical knowledge. Teachers are often inclined not to discuss what they offer to 
their students and why they do so. Our research shows that a network approach, guided by the 
ICMTPG, is more effective than the traditional workshop approach. The ICMTPG triggers 







However, we found that there can still be made some progress: 
x Teachers can be stimulated more to articulate their personal development goals and to 
use literature in the process of developing the teaching design.  
x In the long run, regular consultation with colleagues encourages teachers to adopt a 
critical attitude towards their own teaching practice. 
x It is recommended that teachers visit each other’s lessons during the period of 
implementation of the teaching design, to see how the lessons of colleagues proceed. 
 
In further research we will analyse the interaction during network meetings to gain more 
insight into processes that initiate teacher change and that contribute to professionalization. 
Furthermore, since experimentation and reflection are also the building blocks of 
metacognitive knowledge, it would be interesting to study to what extent the experiences 
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Abstract 
This study focuses on the collaboration in a small network of four mathematics teachers from 
the same school as a way to realise professional development. We examined transcripts of 
network meetings, from which we show how decisions were made about a teaching design on 
statistics for 7th grade pupils and its subsequent implementation. The aim of the teaching 
design was to introduce students to statistical literacy by letting students independently 
conduct statistical research. The teachers used an inquiry-based teaching strategy, which was 
new to them, because they usually follow the textbook to teach statistical concepts. We 
analyzed the transcripts from network meetings to get insights into the decision-making 
processes. Teachers engaged in discourse and reached consensus, and the discourse showed 
teachers’ development of knowledge and beliefs, especially on teaching goals, assessment 
and group work. During the preparation and implementation of the design teachers switched 
to a statistical literacy perspective. Teachers showed commitment to the teaching design and 
to the network of colleagues. We found how a collegial network stimulates teachers to cross 
the line of new pedagogies, even if they do not have a drive to change.  
 
Keywords 
Mathematics teaching; professional development; discourse; inquiry-based teaching; statistics 
 
5.1 Introduction 
Desired learning outcomes for pupils in statistics education have been formulated as being 
able to function as an educated member of society in our information age, and having a basic 
understanding of statistical terms, ideas, and techniques (Rumsey, 2002). In lower secondary 
education in The Netherlands, core objectives are, for example: ”Pupils can read and 
interpret statistical representations. They are able to use this information to process and edit 
tables, graphs or diagrams and use measures of central tendency to characterize the 
information” and ”Pupils can use computer programs with which they can process data for 




Culture and Science, 1998, p.26). These competences have been denoted as statistical literacy 
(Ben-Zvi & Garfield, 2004; Schield, 1999). In order to become statistical literate, pupils 
should be able to understand statistical concepts and reason at the most basic statistical level 
(Snell, 1999), but they should also become competent in generating and interpreting 
statistical data. This requires a deep-learning approach from pupils (Mayer, 2008) and a 
different approach in the classroom than teachers are used to. While teachers normally follow 
the textbook, they must now guide pupils when they independently conduct statistical 
research. Consequences for teachers are that they should get used to inquiry-based teaching 
and new assessment formats. Inquiry-based teaching also requires more responsibility for 
pupils. Consequently, teachers need to find new ways to steer and evaluate student learning. 
Such a change in teaching approach requires most teachers to adapt and change their 
pedagogical approaches. Teachers must plan lesson activities which they expect to contribute 
to pupils’ statistical knowledge. The professional development trajectory in this study tries to 
support teachers while exploring the pedagogy of inquiry-based teaching.  
Where traditional in-service training and staff development have been shown to be 
inadequate (see Clarke & Hollingsworth, 2002; Fullan & Stiegelbauer, 1991; Guskey, 1986), 
networks can provide fresh ways of thinking about teacher learning (see, for example: 
Cordingley, Bell, Evans & Firth, 2005; Jackson & Bruegmann, 2009). However, we often see 
that the culture of isolation still prevails in many US schools (Crespo, 2006) and also in The 
Netherlands. The focus in this study therefore is on mathematics teachers collaborating in a 
small network. The opportunity to learn from and with colleagues stimulates active 
involvement and articulating what they have learned (Resnick, 1986; Schön, 1991). Although 
there are several studies which report on mathematics classroom discourse (Khisty & Chval, 
2002; Nathan & Knuth, 2003; Schleppenbach, Perry, Miller, Sims, & Fang, 2007), and 
research reports have been published about the effects of networks in teachers’ professional 
development (Avalos, 2011; Desimone, Porter, Garet, Yoon, & Birman, 2002; Little, 1993; 
McDonald, & Klein, 2003), not much studies have highlighted the conversations teachers 
have during network meetings (e.g. Roxå & Mårtensson, 2009). This study tries to narrow 
down this gap by providing insights into the ways teachers discuss the design and 






5.2 Theoretical framework 
 
5.2.1 Learning and teaching statistics 
Shaughnessy (2010) mentions that he is impressed by how important statistical literacy has 
become for all of us around the globe. Citizens need to be aware of how certain decisions can 
be defended or critiqued on the basis of quantitative reasoning using probability and statistics. 
Statistical literacy is needed, for example, to understand articles in the media, record or 
interpret results in science, monitor performance of sporting teams, or to quantify social 
problems (Pierce & Chick, 2011). To become statistical literate, one must have the ability to 
read and interpret summary statistics in graphs, tables, statements and essays (Schield, 1999). 
Statistical literacy entails the ability to interpret, critically evaluate and communicate about 
statistical evaluation and messages (Ben-Zvi & Garfield, 2004). This includes a change in 
statistics education, which has been laid down in national curricula. In Dutch lower 
secondary education objectives were formulated as “pupils learn to recognize mathematics in 
practical situations” and “pupils learn to describe, organize and visualize data” (SLO, 2007, 
p. 6). These correspond with the NCTM standards for statistics education for grades 6-8, such 
as “Formulate questions, design studies, and collect data about a characteristic shared by 
two populations or different characteristics within one population” and “Discuss and 
understand the correspondence between data sets and their graphical representations” 
(CSSU Math frameworks, 2004, p.17).  
It is known that statistics is a difficult subject to learn. Difficulties may be due to several 
causes: related to the concept that is being learned, to the teaching method used by the 
teacher, to the student’s previous knowledge, or to his ability (Batanero, Godino, Vallecillos, 
Green & Holmes, 1994). Many conceptual problems have been reported, such as about 
probability, correlation and per cent, as well as the existence of false intuitions which 
students bring to the statistics classroom. Sometimes students have developed a distaste for 
statistics, because they have been exposed to the study of probability and statistics in a highly 
abstract and formal way. And finally, in the classroom the concepts are presented in isolation 
from their original applications, which contributed to their global meaning (Batanero et al., 
1994). Garfield and Ben-Zvi (2007) describe that inappropriate reasoning about statistical 
ideas is widespread, similar at all age levels, and quite difficult to change. They also mention 
that studies focused on developing students’ reasoning about data and chance suggest that 
these ideas are often more complex and difficult for students to learn than has been assumed. 




using appropriate technological tools, can help students improve reasoning and understanding 
over substantial periods of time (Ben-Zvi, 2000). 
Statistics education includes the teaching of ‘recipes’ and the teaching of ‘data and concepts’ 
(Tolboom, 2012). In traditional statistics teaching the emphasis is laid on ‘recipes’, 
algorithms to calculate, for instance, means and standard deviations. Although these 
algorithms are needed to apply statistics in practice, they give a limited image of the field of 
statistics ‘Data and concepts’ offer students the possibility to reason about statistics itself and 
its application in various situations. In this approach the concept of distribution plays an 
eminent role. Bakker and Gravemeijer (2002) and Bakker (2004) used computer programs 
known as minitools to stimulate reasoning skills with regard to data distribution in first-year 
secondary school pupils, which had little statistical background. These minitools were 
designed to support the various elements of the concept of distribution as one coherent whole. 
They found that exploring with the computer programs was a good basis for the activities 
without a computer and they showed the importance of letting students make their own 
diagrams and discussing these. The research literature strongly indicates that pupils can learn 
statistical skills by conducting their own research projects (Garfield & Gal, 1999; Wild & 
Pfannkuch, 1999; Chance, 2002; Doerr & English, 2003). This means that pupils learn to 
systematically describe, organize, and visualize data and they learn to critically judge 
information, representations and conclusions (SLO, 2007). According to Chance (2002) and 
Rumsey (2002) pupils must learn statistical research skills by means of conducting their own 
research and gathering their own data. This gives pupils ownership, and allows them to really 
focus on what information they want to tell and what it means to them. One of the dimensions 
of conducting statistical research is using the ‘investigative cycle’ (Wild & Pfannkuch, 1999). 
The elements of this investigative cycle, Problem, Plan, Data, Analysis and Conclusions, are 
similar to the research phases that pupils follow when they independently conduct a statistical 
research project. 
The changes in statistics education and the emphasis on statistical literacy, involves a 
different role of the teacher in the classroom. These roles differ from the traditional roles of 
teacher as knowledge transmitter and pupil as knowledge receiver. Instead of providing direct 
instruction to students, teachers help students generate their own content-related questions 
and guide the investigation that follows (see Keys & Bryan, 2001). McClain and Cobb (2001) 
developed a teaching method in which pupils actively worked on collecting and interpreting 
data in meaningful contexts via assignments and using software. Teachers must be sure that 




research question. In addition, the teacher develops appropriate assignments and tests 
(Rumsey, 2002). Teachers should also pay attention to the use of statistical software, like 
Excel (e.g. Gould, 2010). Furthermore, Rumsey (2002) recommends teachers to give pupils 
many opportunities to explain and discuss statistical ideas with each other, and watch closely 
while they do this (see also Cerrito, 1999). Obviously, as students may be asked to 
communicate the results of their studies to peers (see also National Research Council, 1996), 
traditional knowledge tests are not sufficient. Therefore, teachers should develop appropriate 
assessment procedures (see Garfield, 2003). 
Inquiry-based teaching is widely used in science education, because of the similarity between 
science research projects and statistical research projects. Inquiry-based teaching invites 
students to explore content by posing, investigating, and answering questions (see National 
Research Council, 1996), enables pupils to contribute their own ideas and to pursue their own 
investigations (Jarrett, 1997). Inquiry-bases teaching helps students learn how to investigate, 
and allows more time for students to assimilate and accommodate information. Teachers 
should be able to scaffold inquiry instruction for the students to help them develop inquiry 
abilities (Key & Owens, 2013). To be successful with inquiry-based learning, teachers must 
have an in-depth knowledge and understanding of the topic being presented. They should 
have the pedagogical tools to support the students in their thought processes while 
stimulating their interests in learning more than they already do (Chiapetta & Koballa, 2010).  
 
5.2.2 Teachers’ professional development  
The OECD TALIS study (OECD, 2009, 2014) shows that teacher professional development is 
generally not meeting the needs of teachers in most countries, for example, in the fields of 
‘student assessment practices’, ‘subject’ and ‘instructional practices’. The main reason for 
unfulfilled development (according to teachers) is the conflict with their work schedule, but 
lack of suitable development opportunities is also a significant factor. According to Little 
(1993), teachers' motives and opportunities for professional development begin with work 
conditions encountered day by day, like the teaching assignments they need for their pupils 
and the allocation of discretionary time. Little (1993) describes six principles for professional 
development, where each principle represents a challenge to some aspect of present practice: 
(1) Professional development should offer meaningful intellectual, social, and emotional 
engagement with ideas, with materials, and with colleagues both in and out of teaching; (2) 
Professional development should take explicit account of the contexts of teaching and the 




dissent; (4) Professional development places classroom practice in the larger contexts of 
school practice and the educational careers of children; (5) Professional development 
prepares teachers (as well as students and their parents) to employ the techniques and 
perspectives of inquiry; (6) The governance of professional development ensures bureaucratic 
restraint and a balance between the interests of individuals and the interests of institutions. 
This research study is inspired by these six principles: Changes in attitudes, knowledge and 
(self-efficacy) beliefs may be necessary for teachers in order to benefit from professional 
development. Being able to express and assess one’s own beliefs and knowledge and to 
indicate the importance of changes therein plays an important role in teacher change 
(Richardson & Placier, 2001). According to Bandura (1986), efficacy beliefs in particular 
determine why some people are more ready to change their behaviour than others. Teachers’ 
knowledge and beliefs is partially determined by self-efficacy beliefs, or the degree to which 
a teacher expects to be able to implement the desired behaviour. Conversely, practical 
experiences can also increase or decrease efficacy beliefs.  
Teaching statistical literacy requires that teachers should not only have statistical knowledge 
per se but also the availability of other knowledge bases: literacy skills, mathematical 
knowledge, and context knowledge. To teach statistics, Cerrito (1999) advises teachers (1) to 
find relevant issues that are of practical importance to the pupils (2) to teach pupils how to 
find, process, and use technical information based primarily on the tools of statistics, and (3) 
to provide immediate feedback by giving pupils additional revelations to help them develop 
critical thinking skills, as pupils have to evaluate results and then reach justifiable 
conclusions.  
According to Pierce and Chick (2011) three factors – the scope of statistics, the recency and 
place of statistics in the school curriculum, and teachers’ backgrounds – must be considered 
when discussing teachers’ beliefs about statistics. Gal, Ginsburg and Schau (1997) examined 
the role of attitudes and beliefs in statistics education, they found that beliefs important to 
consider by those involved in statistics education, and therefore also for teachers, may 
include (1) Beliefs about mathematics (e.g., is it hard/easy), (2) Beliefs about the extent to 
which statistics is part of mathematics, or requires mathematical skills (e.g., statistics is all 
computations), (3) Beliefs about what should happen or transpire in a statistics classroom, or 
expectations as to the culture of a statistics classroom (e.g., a lot of talking about real-world 
examples), (4) Beliefs about oneself as a learner of statistics or mathematics (e.g., I am good 
at it), and (5) Beliefs about the usefulness or value of statistics and its importance in one’s 




commitments (Turner, Christensen & Meyer, 2009) and are accepted as true (Eisenhart, 
Shrum, Harding & Cuthbert, 1988). People's beliefs have a predictable influence on their 
attitudes, thus, people construct their attitudes on the basis of their beliefs (Albarracin & 
Wyer, 2005). 
 
5.2.3 Teacher networks 
In this study we have chosen to use a professional development strategy, in which teachers 
collaborate in a network of colleagues. The network meetings act as a ‘sounding board’ (see 
Stiles, Mundry, Loucks-Horsley, Hewson & Love, 2009), in which mathematics teachers 
jointly develop and evaluate a teaching design.  
Knapp (2004) and Day (1999) state that networks are powerful learning environments for 
teachers. Knapp (2004, p.121) states that: ‘(…) The effort of collective sense making often 
prompts teachers to listen to children differently, examine their own practice more closely 
and reimagine possibilities for their work’. According to Lieberman and McLaughlin (1992), 
successful networks share common features, such as focus, variety, and opportunities for 
discourse and leadership. In networks teachers have the opportunity to discuss nagging 
problems concerned with quality, application, stability, overextension, ownership, expanding 
objectives, leadership, evaluation, and goal-setting.  
Little (1990) distinguishes four types of teacher collaboration that form a continuum from 
independence to interdependence (see also Clement & Vandenberghe, 2000): 
1. Storytelling and scanning for ideas refer to rather opportunistic contacts at a relatively 
great distance from the actual classroom practice. The team members operate almost 
independently from one another. ‘They satisfy the demands of daily classroom life by 
occasional forays in search of specific ideas, solutions or reassurances’ (Little, 1990, 
p. 513). 
2. Aid and assistance bears reference to the asking and giving of help. 
3. Sharing relates to the interchange of materials, methods and new ideas. 
4. Joint work bears upon team members' meetings that emphasize shared responsibility 
for teaching, shared ideas about autonomy and support for the professional initiatives 
of colleagues. 
Our type of collaboration is categorized as ‘joint work’, in accordance with the six principles 
for professional development (see section 5.2.2). Furthermore, another dimension of teachers' 
joint work to consider in this study is a common task. In ‘joint work’ teachers are most 




work together, but more important they are engaged in a process of intellectual negotiation, 
reaching consensus and collective decision-making (Trimbur, 1989). The work of Cordingley 
et al. (2005a,b) and Owen (2003) has refined the understanding of the importance of 
collaboration for professional learning by highlighting the role of joint work and the need for 
intense and sustained involvement with colleagues. Furthermore, in a context where joint 
work prevails, both the individual teacher and the school or the working conditions are 
important (Jackson & Bruegmann, 2009). In addition to the six principles for professional 
development, literature (Moll, 1992; McLaughlin, 1994; Metz, 1993; Putnam & Borko, 2000; 
Meirink, Meijer & Verloop, 2007) shows that teacher networks can contribute to teacher 
change if: 
1. Teachers are enabled to exchange experiences and knowledge about their teaching, 
2. The network meetings have a clear focus and purpose,  
3. There is continuity in the meetings,  
4. The meetings are linked to the everyday practice of the teachers involved.  
 
5.2.4 Collaboration and discourse in teacher groups 
The study of verbal interactions and discourse provides clues to the way teachers discuss their 
knowledge and beliefs. Several studies have been published about discourse in collaborative 
settings (Mercer, 1995; Little, 2002; Crespo, 2006). In this study we will use the terminology 
of dialogic, authoritative and procedural discourse, which has been used to characterize the 
discourse between teacher and pupils (Scott, Mortimer & Aguiar, 2006; Setati, 2005). In 
authoritative discourse the teacher’s purpose is to focus the students’ full attention on just one 
meaning. In dialogic discourse the teacher recognizes and attempts to take into account a 
range of students’ and others’ ideas (Scott et al., 2006). We will also use the term ‘procedural 
discourse’ when the teacher focuses on the procedural steps taken to solve a problem (Setati, 
2005). Although Scott et al. (2006) and Setati (2006) describe classroom discourse between 
students and teachers, it can equally well be used for conversations in other settings as in 
collaborative teacher networks. 
Much of the talk between teachers when designing a teaching strategy negotiates the 
relationship between a collective obligation (a ‘decision’, see section 5.3.4) and individual 
preference. It is interesting to register whether the teachers have agreed (or could agree) to be 
bound by a common set of guidelines or whether individual teacher discretion, premised on 
‘valid pedagogical reasons’ will prevail (see Little, 2002). In collegial consultation progress 




learn from collectively making decisions, based on individual arguments. We will try to 
describe the effects of verbal interaction in the network of mathematics teachers by counting 
teachers’ participation in discussions (see Crespo, 2006, p.36), by identification of decisions 
made about the design and by marking consensus statements in network meetings.  
In collaborative work teachers may take different positions. Clement & Vandenberghe (2000) 
distinguish three types of professionals: progressive professionals, reactionary professionals 
and conservative professionals. Teachers who can be characterized as progressive 
professionals have control over their work. Progressive professionals have no difficulty to 
account for their work. They do that spontaneously for their work in the classroom as well as 
for their functioning at school level, within the team. For their work with pupils, progressive 
professionals account for what they do referring to the well-being of the children, as well as 
to their achievements. The functioning in the team does not pose any problems. Progressive 
professionals invest a lot in the team. They do so for professional reasons (and not primarily 
for sake of friendship, for instance): they want their functioning at the school level to 
contribute to their professional development. Reactionary professionals have no real control 
over their work and they do not feel good at what they do. They restrict themselves to their 
classroom practice and they show no flexibility. Often they are isolated team members. They 
work on their own and do not keep up with innovations. Even stronger, they feel no need for 
flexibility. Somewhere in between these two types are the conservative professionals. These 
teachers feel good, they have control over their work. This feeling is so strong they do not 
feel the need to change. Conservative professionals do not reject flexibility, but it does not 
take a very dominant place in the way they shape their professionalism. 
 
5.2.5 Aims and scope of this study  
This study focuses on how teachers collaboratively develop and implement an inquiry-based 
teaching design, and how this affects their knowledge and beliefs on statistics teaching. We 
intend to show how teachers collaborate and discuss during network meetings.  
Considering the recommendations from literature, we make a number of choices regarding 
our professional development program. Firstly, mathematics teachers collaboratively work on 
a task where they develop a statistical teaching design, in our case for 7th grade students (12-
13 years old), based on the principles of ‘joint work’ (see 2.3). Teachers plan the lessons, 
they set objectives and they design instruction and assessment (Cousins, Ross & Maynes, 




their pupils were based on literature on statistics (Shaughnessy, 2007; Batanero  et al., 1994, 
Bakker & Gravemeijer, 2004).  
During the network meetings, the teachers discussed the design and method of 
implementation. This study intends to describe the processes occurring during the meetings 
and the participation of the teachers to the discourse by examining the conversations on a 
micro level. We were especially interested in identifying teachers’ knowledge and beliefs and 
how these contributed to the decision-taking process and consensus reaching by the group. 
Further, we were interested how the group process led to changes in teachers’ knowledge and 
beliefs. We expect that gaining insight in group processes will give us indications in setting 
up a professional development trajectory that will contribute to teachers’ professional 
activity.  
 
Summarizing, we will answer the following research questions: 
1. How does the composition of the network influence the development process of the 
teachers? 
2. What knowledge and beliefs concerning inquiry-based statistics teaching did 
mathematics teachers develop during network meetings? 





This study comprises four mathematics teachers from the same school in a network led by a 
facilitator. The school is a large comprehensive school in a small town in the north of the 
Netherlands. The four teachers voluntarily signed up for participation in this study during a 
meeting attended by all mathematics teachers working at the school. Table 5.1 contains 
information about the participating teachers. Fictitious names have been used for the teachers 
for reasons of privacy.  
A questionnaire was used to collect information about teachers’ knowledge of statistics as 
well as experiences with statistics teaching, inquiry-based teaching and collaboration with 
colleagues. This is important information, because past experiences may affect teachers’ 
knowledge and beliefs (Meijer, 1999; Bandura, 1986). It appeared that Christine and David 




project in the 9th grade. In general, we can say that the teachers did not have much experience 
with inquiry-based teaching. Furthermore, experiences in collaborative working with 
colleagues were also limited. For example, teachers mentioned ‘Tailoring levels and skills of 
pupils, tests and study guides’ (Annet), ‘Coordinating tests and the curriculum’ (Bart), 
‘Departmental meetings and exchanging information about groups, approach, etc. on an 
irregular basis’ and ‘Meetings about parallel groups and cautious attempts at innovation’ 
(David). Referring to Little (1990) teachers had some experiences with ‘storytelling and 
scanning for ideas’ with ‘aid and assistance’ and with ‘sharing’, but not with ‘joint work’. 
Teachers’ knowledge of statistics varied and usually could be traced back to their own 
teacher training, as Christine articulated: ‘During teacher training course, a long time ago’ or 
Annet: ‘During teacher training course – subject knowledge has largely been forgotten’. 
 
Table 5.1: General information about the participants in the study during the school year 2006-2007 
Name of 
teacher 




Number of years of 
experience teaching in the 





Annet  Female 48 10 3 1-7 (all) 
Bart  Male 47 18 18 1-7 (all) 
Christine  Female 47 23 23 1-4 & 7 
David  Male 56 6 6 1 & 4-7 
 
 
5.3.2 Network meetings 
During network meetings the teachers jointly developed a teaching design for 7th grade 
pupils, the first year of Dutch secondary education. During the first six network meetings the 
four teachers collaboratively determined the content, structure and implementation of the 
teaching design. The seventh meeting was an evaluation meeting and took place after the 
teaching design had been implemented in November 2006 (see table 5.2). Each network 
meeting lasted 50 to 90 minutes, depending on how much time the teachers had. During the 
first network meeting, the teachers agreed on a minimum of six network meetings, of which 
they thought were necessary to develop and evaluate the teaching design. 
In order to achieve the aims of the network meetings, we set up a series of events. Table 5.2 




setting goals, personal goals as well as teaching goals, sharing experiences, developing and 
evaluating the teaching design.  
 






meeting on 4 
April 2006. 
Sixth meeting 
on 31 October 
2006  
 
1. Development of a teaching design, including objectives, design of 
teaching materials, teaching strategies, organisation of group work, and 
knowledge test.  
2. Introduction to inquiry-based teaching and examples of statistics 
teaching (e.g. software packages) 
3. Renewed acquaintance with statistics by, for example, reading 
literature.  
4. Organisation of the implementation of the teaching design. 
5. Creating commitment to the subject and to the group by making 




meeting on 18 
December 
2006  
1. Reflection on the joint development of teaching and on the teaching 
design and its implementation. 




The facilitator gives structure to the network meetings and monitors the development and 
evaluation process of the statistical teaching design by means of: 
1. Organizational responsibility, for example ensuring the continuity of the network 
meetings.  
2. Substantive responsibility, for example, providing information and relevant literature 
in the field of statistics and statistical education.  
3. Moderating and streamlining of the group process and the developmental process, for 




However, the facilitator explicitly did not interfere with content, form and implementation of 
the teaching design. Teachers had to reach consensus about these parts in order to increase 
their motivation and dedication to the developed statistical teaching design. 
 
5.3.3 Characteristics of the statistical teaching design 
The student activities designed by the teachers for their pupils were based on literature on 
statistics (Shaughnessy, 2007; Batanero et al., 1994) and included: (1) formulate questions 
that can be addressed with data and collect, organize, and display relevant data to answer 
them, (2) select and use appropriate statistical methods to analyze data, especially by 
choosing a representative of the data, like the mean, mode or median, (3) make frequency 
tables and choose correct graphical representations to the data, like bar graphs, line graphs 
and circle diagrams, (4) derive meaning from graphs or diagrams created by others or by 
themselves, and, at an informal way, (5) refer to the existence of statistical dependence 
between two, self-chosen and realistic, variables (Ridgway, Nicholson, & McCusker, 2011). 





As a result of the network meetings, the teachers formulated the following characteristics of 
the statistical teaching design: 
A. Preparatory phase 
The literature discussed in section 5.2.1 revealed that mastery of statistical concepts 
(Garfield, 2003), the ability to analyze data using a computer program (McClain & Cobb, 
2001) and the ability to follow an investigative cycle in a structured manner (Pfannkuch & 
Rubick, 2002) are preconditions for independently conducting statistical research. 
Before they carry out their own research, they have two introductory lessons. During the first 
50-minute lesson, pupils are introduced to a statistical computer program (Excel, VU-
Statistiek). In the second 50-minute lesson, pupils are introduced to: 
1. Completing an investigative cycle under supervision of the teacher. 
2. Working from a given problem. If students think about a problem, they come with 
questions. Where necessary, the teacher gives the corresponding statistical concepts 
(measures of central tendency, extremes, outliers, sample, use of samples of different 
sizes, representative sample, correlation) and graphical representations (bar graphs, 
line graphs and pie charts or circle diagrams). 
 
B. Pupils conduct their own research, following an investigative cycle 
In eight lessons of 50 minutes, pupils follow the entire research process, from thinking up a 
topic to creating the poster.  
The investigative cycle is based on a number of recommendations formulated by Doerr and 
English (2003), Chance (2002), McClain and Cobb (2001) and others. 
1. In groups of four pupils, each pupil proposes two statistical research topics, after 
which a brainstorming session will result in one topic plus research question. The 
teacher provides feedback on the choice made. 
2. Each group draws up a plan of approach for the implementation of the research. The 
teacher provides feedback. 
3. The pupils present their topic, research questions, methods and research plan to the 
other groups.  
4. Halfway the process, the group reports to the teacher for written feedback on their 
progress. The teacher provides suggestions for adaptations to the plan of approach and 
further steps.  
5. After each meeting, the group draws up a work report in the form of a logbook, in 




The teacher gives feedback on this logbook. 
6. The data collected by the pupils are processed with a statistical computer program. 
7. Conclusions are summarized on a poster and presented.  
Adjacent to their own research, the students receive a written knowledge test about statistical 
concepts and representations. Both the test and the poster are part of the final assessment. 
 
5.3.4 Data source 
All network meetings were taped with a voice recorder and subsequently transcribed. 
Network meetings were transcribed verbatim and imported in MEPA (Erkens, 2002). MEPA 
(Multiple Episode Protocol Analysis) is a flexible program for the annotation of, coding and 
transcription of verbal or non-verbal qualitative data.  
The transcripts enabled us to examine teachers’ actual contribution to the discussion. The 
transcripts gave an overview of the course of the discussion, moments of persuasion and 
reaching consensus. The transcripts also indicated whether the network meetings functioned 
as a stimulating learning environment for the teachers. Transcripts of the seventh and 
evaluative meeting showed teacher’s experiences with the implementation of the design. The 
teaching design in itself is not discussed in this paper, because our focus is on the design 
decisions during network meetings. 
 
5.3.5 Data analysis 
 
5.3.5.1 Decisions and preparatory statements 
As a first step in our data analysis we marked those statements that indicate decisions. An 
example of a decision is that teachers agreed that a goal of the teaching design should be that 
pupils gain an understanding in statistics (network meeting 1). A decision is recognized as a 
commonly shared resolution (reaching consensus) about the teaching design or the 
implementation of the teaching design. In many cases decisions were identified quite easily. 
In some cases, it was more difficult, for instance when a teacher first made a statement, 
which later turned out to be the decision. Only from the context of the conversation can be 
established whether consensus was reached. 
After having identified the decisions, we identified those verbal statements that related to a 
particular decision, which we called preparatory statements. Other statements were not 
considered. Although the focus in this study is on decisions, preparatory statements are 




in the group. Preparatory statements may contain evidence about to individual knowledge and 
beliefs, while decisions refer to a joint views.  
Table 5.3 shows types of decisions (see also Zwart, Wubbels, Bolhuis, & Bergen, 2008) and 
preparatory statements. In the transcribed network meetings we found statements that 
contribute to the realization of decisions, as demonstrated in table 5.3. The types in table 5.3 
are authoritative (type 1), dialogic (type 2) or procedural (type 3), according to Scott et al. 
(2006). We found that preparatory statements are expressions that contribute to decisions or 
expressions that confirm decisions.  
 
Table 5.3:Types of decisions and preparatory statements 
Types of decisions Types of preparatory statements that 
contribute to the realization of decisions 
1. Confirmative statement 
For example, statements contain: Yes; Okay; I 
agree; I can find myself in; Fine; It is clear; 
We have to ensure that … 
 
2. Summarizing statement 
For example, statements contain: So we found 
that; Summarizing, we can say that; So; Thus 
1. Authoritative statement (individual 
viewpoints, ideas, suggestions and proposals) 
For example, statements contain: Important is; 
Teaching goals are … 
 
2. Dialogic statement (sharing ideas, checking 
other’s ideas, debating, asking questions)  
For example, statements contain: We have a 
choice of; Refer to experiences with earlier 
assignments; What about? How? Can you 
explain? Which choices do we give the pupils? 
Is it intended that? So, initially you want? I 
don’t agree with you that … 
 
3. Procedural statement 
For example, statements contain: We have to 
decide that. How do we divide tasks? 
 
 
5.3.5.2 Development of themes 
After having marked ‘decisions’, we categorized these into different themes, like ’pupils 
choose topic’, ‘planning of teaching’, ‘teacher role’ and ‘discussing material’. We used a 




the initial list of themes was quite long, we have merged themes in order to get a broader 
classification. Eventually, about sixteen themes were agreed between reviewers, for example 
‘study progress by pupils (monitoring)’, ‘use of ICT (Excel)’ and ‘requirements for the 
poster’. We decided to highlight three themes in this paper, as many decisions were taken 
about these themes and, furthermore, these themes were distinctive and important and 
frequently occurred during network meetings. These themes are ‘subject matter’, 
‘assessment’ and ‘group work’ (see table 5.4). 
When categorizing statements as decisions and preparatory statements, and classifying them 
into categories we have worked together in a group of raters in order to get a reliable 
classification. This was an iterative process, in which we ultimately agreed on all 
classifications.  
 
Table 5.4: Themes, description of themes and examples 





concepts, learning and 
teaching statistics, 
objectives of the 
teaching design. 
1. It’s not always about understanding means, modes and 
medians and those things. But if we are talking about 
research skills, then I do think it’s necessary. For them to 
have that. That understanding of statistics. (Annet, 
network meeting 1) 
2. The real goal of course is, that they go to work. And 
research skills (Annet, network meeting 1) 
Assessment Statements about 
formative and 
summative ways to 
determine students’ 
knowledge and skills. 
1. I think it would look nicer to add the report: ‘This is 
how we made the poster’. (Annet, network meeting 1) 
2. You (pupils) evaluate the posters of other groups and 
you devise two questions (David, network meeting 4) 
3. It (the final knowledge test) must have a knowledge 
component and an evaluation component? (David, 
network meeting 4) 
Group work Statements about 
organization and 
supervision of students 
working in groups. 
Groups of five I find too big. Then you have two who 





5.3.5.3 Evaluative statements 
Evaluative statements only appeared in the evaluative network meeting, where teachers 
looked back on the implementation of the teaching design. We identified these evaluative 
statements and coded these according to the earlier agreed themes.  
In this paper, we will discuss only those evaluative statements that refer to the themes subject 




5.4.1 Contribution of individual teachers to the decision making and evaluation process 
In section 5.4.2 we will present the results per theme, but first we give an overview of 
teachers’ contributions to the decision-making and evaluation process. Table 5.5 presents the 


























































































































































































































































































































































































































































































































































Table 5.5 enables a tentative qualification of the teachers. Table 5.5 shows that all teachers 
made a substantive number of preparatory statements, but that Annet verbalized by far the 
most decisions (41). Bart shows the most evaluative statements (54), especially about group 
work (34). Christine verbalized few decisions (4) and also, in comparison with the rest, few 
preparatory statements. This is probably due to her absence in the 5th and 6th network meeting 
(see table 5.1), although her average number of statements per meeting is also low. David 
verbalized 11 decisions, of which 10 about assessment. This is not surprising, because David 
volunteered to take responsibility for the test. Together with Christine, David had less 
decisions and preparatory statements compared to Annet and Bart. David was also absent 
during two network meetings (see table 5.1).  
Noteworthy is the role of the facilitator, with 191 preparatory statements. An explanation is 
that her decisions (6) are mainly summaries or verbalizations of discussions by teachers after 
consensus was reached. In that case, none of the teachers explicitly formulated the decision 
made. The same applies for the number of evaluative statements by the facilitator (41).  
Group work is, in summary, the most discussed theme during the evaluative network 
meeting, with 98 statements. This was not totally unexpected, as the teachers had not much 
experience with group work. As an illustration, Bart mentioned during the evaluative network 
meeting: “Controlling the group and the atmosphere in class. Normally I get to teach actual 
groups, which ensures a certain atmosphere in class. But I’ve completely lost that now”.  
 
5.4.2 Discourse on themes 
In this section we present an overview of the results per theme. For each theme, ‘subject 
matter’, ‘assessment’ and ‘group work’, we describe examples of the decision-making 
process, examples of evaluations and a summary with the most important findings. In all 
transcripts below, decisions are marked in italics. 
 
5.4.2.1 Subject matter 
 
Design of subject matter 
Below follows a transcript in which we illustrate how decisions were made in the group of 
teachers. The transcript is from the first network meeting in which teachers discuss the 
statistical subjects that students need to learn (teaching goals), and accordingly the goals of 
the teaching design. Christine introduced the theme in network meeting 1 (line 1), where she 




that to his opinion immediate understanding is not really necessary (“Do they need to really 
understand something?” (line 2) and “It’s only later, when you need it in your follow-up 
studies, that the understanding suddenly comes” , (line 4). Bart’s opinion was subscribed by 
the others (David: “I don’t really care about understanding”, line 3. Annet: “It’s not always 
about understanding means, modes and medians and those things”, line 9). At the same time, 
teachers emphasized the relevance of students’ ability to categorize or plot data (Bart: “Or 
you want to investigate something, and then you have to be creative enough to be able to 
categorize the things you see around you”, line 11. Annet: “And also if you want to have a 
critical attitude towards everything you read that is presented in a statistical way”, line 12. 
David: "How should I interpret a story. How do I map that”, line 13. Christine: “To go look 
for those data. Even before you know what a mode and a median are”, line 14).  
This transcript shows how teachers’ beliefs about the teaching of statistical concepts shifted. 
They were familiar with teaching definitions of mean, mode and median, and let students 
solve exercises to apply these concepts. Because they collaboratively work on the design of 
student tasks in which students use statistics as a tool for their investigations, they were 
pressed to agree on teaching goals and the role of statistical concepts. In students’ 
investigations their role became subservient to aims of statistical investigation.  
 
Transcript 1: Subject matter, network meeting 1 
1 Christine (…) But the mean, the median, they use it, but real 
understanding is only a small part.  
2 Bart But I think that’s important. Do they need to really understand 
something? (people snigger) No, seriously. I’ve often thought in 
the past, ‘I don’t know what I’m doing, but it’s going well, so 
fine.’ At a certain point when you really need it, when you get a 
bit older, the understanding will come. Is it really necessary to 
have that understanding at that moment?  
3 David I don’t really care about understanding. What I care about is. 
4 Bart I learned logarithms. And I had no idea what I was doing. I was 
differentiating. I had no idea what I was doing. It’s only later, 
when you need it in your follow-up studies, that the 
understanding suddenly comes. But do you really need that 




5 Facilitator No, that’s not necessary. 
6 Bart Because I wonder about that. Because that is an important 
question. 
7 Annet That’s not necessary at all. 
8 Christine It can be an advantage.  
9 Annet It’s not always about understanding means, modes and medians 
and those things. But if we are talking about research skills, 
then I do think it’s necessary. For them to have that. That 
understanding of statistics.  
10 Bart Yes, that’s true. 
11 David What I’m trying to say is: You have a problem somewhere. Or 
you want to investigate something, and then you have to be 
creative enough to be able to categorize the things you see 
around you. And then to know that there are tools like measures 
of central tendency, means and possibly statistical assessment of 
matters. That might take you a lot further. You need to know 
that you can do things with them.  
12 Annet And also if you want to have a critical attitude towards 
everything you read that is presented in a statistical way. Well, 
you get that in all subject fields. They can apply it there too. 
Look, of course it’s not about them understanding everything; 
distances and averages. 
13 David I understand that. All the way towards the end, when you look in 
particular at the A stream, where you get a bit of statistics with 
hypothesis testing. And the stories that often go along with that, 
so that you learn right from the start: ‘How should I interpret a 
story. How do I map that.’ 
14 Christine Then a good basis would be to make up that story yourself. To 
go look for those data. Even before you know what a mode and 
a median are. 
 
In transcript 2 (meeting 1), the discussion about the introduction of statistical concepts 
continues. Teachers had read a paper (Bakker & Gravemeijer, 2004) and they discussed the 




before the calculation of measures of central tendency (transcript 1, line 14). In fact, the 
contents of the article supported the teachers’ former decision made, and the facilitator used 
the article to introduce more accurate wording, like "Pupils must first have some 
understanding of distribution before they can assess when a mean or median is a useful 
measure of central tendency" (transcript 2, line 5). The facilitator pointed at the difference 
between regular classroom practice and the facilitators’ proposal to teach statistics (“We 
always teach them the measures of central tendency first and then go on to the distributions” 
and "No, you should present it the other way around." , transcript 2, line 5). The timing of the 
facilitator’s intervention was important here. The decision in the network was formulated in 
the former part of the meeting and was now established. 
 
Transcript 2: Subject matter, network meeting 1 
1 Bart Of course it is important what it says here, the dataset as a 
whole. Instead of as a collection of individual elements. Of 
course that will also be one of the aims.  
2 Annet That it’s not all individual numbers. 
3 Christine Mm, mm. 
4 Bart Isn’t it?  
5 Facilitator Look, he even says it here, he says it in even stronger terms. On 
page 23 he says: ‘Pupils must first have some understanding of 
distribution’. He even reverses it. ‘... before they can assess 
when a mean or median is a useful measure of central 
tendency.’ We always teach them the measures of central 
tendency first and then go on to the distributions. But he says: 
‘They must learn to see the centre, spread and skewness of the 
distribution. And they must learn that the centre can be 
measured, for example, on the basis of the mean and the 
median. And that the spread can be measured on the basis of 
the range, interquartile range, standard deviation, and so on.’ So 
he or she, Bakker and Gravemeijer, what they are saying is: 
‘No, you should present it the other way around.’ 






Evaluation of subject matter 
Transcript 3 presents an example of the evaluation of the implementation of the teaching 
design regarding subject matter. The transcript shows that some teachers did not take the step 
towards new teaching. For example, teachers mentioned that they did not succeed in 
gradually introducing statistical concepts. Mostly due to a lack of time and perhaps, 
indirectly, a lack of teacher’s energy (see Bart, line 9). Bart mentioned: “I have the feeling 
that chapter 14 will definitely have to be repeated” (line 1) and “I think they still know very 
little about mode, median, mean, measures of central tendency” (line 3). The other teachers 
agreed with him (see lines 4, 10 and 11).  
 
Transcript 3: Evaluation subject matter, network meeting 7 
1 Bart I have the feeling that chapter 14 will definitely have to be 
repeated. Well, repeated, I mean it still has to be covered. Well, 
other than that I thought it was rather.... 
2 Facilitator Why do you have that feeling? 
3 Bart Yes, that’s what I feel. I think they still know very little about 
mode, median, mean, measures of central tendency. 
4 David They haven’t learned a lot about that.  
5 Bart I don’t think they know much about that. 
6 Facilitator So why is that?  
7 Bart Because they don’t need it and it never occurs. They really don’t 
need the median in those little research projects. 
8 Facilitator But that was your task, to, um.... 
9 Bart But you never get round to it. At least I don’t. 
10 Annet No, I never got round to it either.  
11 Christine I never got round to discussing the median either.  
12 Bart Some did discuss the mean.  
 
During the evaluation meeting teachers also mentioned that the introduction lesson, intended 
to give students an orientation on statistical research, was not suitable to introduce the 
principle of correlation (Bart: “Then I think: ‘Oh …. there is no statistical correlation at 
all”). Besides, the term ‘statistics’ was unclear for pupils (Facilitator: “The term ‘statistics’ 





Summary subject matter 
During the network meetings, teachers discussed a lot about subject matter. Table 5.5 shows 
that the number of preparatory statements (296) is the largest for subject matter. Also, the 
number of decisions for subject matter is large (32). Teachers mostly discussed about 
objectives of the teaching design, the introduction of statistical concepts and the most 
important concepts for pupils to learn at this stage, the mean, mode and median. During the 
implementation of the teaching design, teachers found that it was difficult to introduce 
statistical concepts, because not all groups came up with problems that could be resolved by 
using statistical concepts. In class, teachers did not explicitly introduced statistical concepts. 
According to the teachers, pupils had no idea what statistics was. Teachers did not succeed in 
guiding students smoothly towards a good research topic. During the evaluative meeting, 
teachers argued that the introductory lesson was not a good example for pupils, as the lesson 
did not sufficiently acknowledge pupils with the principle of correlation, although this was 
explicitly intended (see section 5.2.4). Teachers concurred that, in a next trial, the 




Design of assessment 
Transcript 4 (network meeting 1) shows that teachers were searching for a way to assess 
pupils’ understanding of statistics. They were looking for a way to both evaluate the product 
(line 1, 2) and the process (line 3, 9). Bart started the discussion by asking whether the 
construction of a poster is a suitable product to grade pupils’ work (line 1). Christine thinks 
that only a poster is not enough (“I think we also need a report or something, in which a few 
questions must be answered”, line 3). Annet was decisive by indicating that a report should 
accompany the poster in which pupils explain how they made the poster (“I think it would 
look nicer to add the report: ‘This is how we made the poster”, line 9). This opinion was 
accepted by the group. Christine more or less concluded the discussion by mentioning that 
“Can the report be used to explain the poster, for example?” (line 10). Besides the poster, 
teachers agreed on a knowledge test to assess students individually. Discourse on this test is 
not shown below.  
This transcript shows that teachers did not always follow the proposals of the facilitator. They 




Transcript 4: Assessment, network meeting 1 
1 Bart Do we need to make things in between? Will it be a poster? 
Do we agree on that? Or don’t we? 
2 David A poster is possible. 
3 Christine I think we also need a report or something, in which a few 
questions must be answered. 
4 Bart Yes, yes, okay. 
5 Facilitator Poster plus a kind of terms list. Or an explanation, in the 
sense of ‘This is how we did it.’ 
6 Christine Questions that you ask yourself at the start (of the pupils’ 
research project), they need to be answered. 
7 Facilitator Can’t that be done on the poster? 
8 Christine No.  
9 Annet I don’t really like that. I think it would look nicer to add the 
report: ‘This is how we made the poster.’ 
10 Christine Can the report be used to explain the poster, for example?  
11 Annet Like: we first asked ourselves this question. Then we asked 
everyone these specific questions. And we collected this and 
that data.  
12 Facilitator Fine. Yes, sure. 
 
Transcript 5 (network meeting 4) shows that teachers gradually gained new insights about 
assessment. The discussion in network meeting 1 now continues. This discussion led to 
criteria for the poster content. Annet suggested that the research questions must be answered 
on the poster (“But are the research questions really answered (on the poster)? I think that is 
what they need to ask themselves”, line 1). Christine added: “We could ask ‘How is the 
research question answered?“ (line 2). Furthermore they concluded that measures of central 
tendency should be mentioned on the poster and should be used adequately (line 17). The 
facilitator summarized this as: “Do the graphs that are being used really clarify matters? And 
are the right measures of central tendency used to answer the question?” (line 18). 
Transcript 5 involves research outcomes (poster), but also teaching aims. We see here that the 
facilitator brought up the role of graphs: “Do the added graphs really clarify matters?” (line 
6) and “Would you have found a different graph or measure of central tendency clearer?” 





Transcript 5: Assessment, network meeting 4 
1 Annet But are the research questions really answered (on the 
poster)? I think that is what they need to ask themselves. Or 
else they should ask for clarification.  
2 Christine We could ask ‘How is the research question answered?’  
3 Facilitator Have we even mentioned the term research question in our 
entire discussion so far?  
4 Annet Yes, right at the start. 
5 Christine At the start. The very start. When we were talking about 
making choices. You could ask ‘How is the research question 
answered?’ And then you can discuss how. And to what 
extent. Is it clear? Are they able to ask themselves the 
questions that they still need to ask the pupils to make it 
clearer or more complete? Or something.  
6 Facilitator Do the added graphs really clarify matters?  
7 Annet Do they really tie in with the topic?  
8 Facilitator Would you have found a different graph or measure of central 
tendency clearer?  
9 Annet We didn’t mention measures of central tendency.  
10 Facilitator Well, they could be working with means, for example. While 
in the case that was studied a mode would have been clearer. 
I’m just thinking up an example. They should be able to get 
that out of it.  
11 Annet Yes, but can we already mention that there? Measure of 
central tendency, the concept measure of central tendency?  
12 Facilitator I don’t know. 
13 Annet I think that should be possible there. That should have been 
covered by then.  
14 Facilitator I would think so. That’s right at the end, isn’t it?  
15 Annet That’s a good idea, to include the measures of central 
tendency there. So that they are at least discussed. That’s a 




16 Christine How did you phrase it?  
17 Annet Has a correct measure of central tendency been used?  
18 Facilitator Do the graphs that are being used really clarify matters? And 
are the right measures of central tendency used to answer the 
question? 
19 Annet Because if things have been too busy to discuss measures of 
central tendency, they will have to be discussed here.  
 
Evaluation of assessment 
The evaluation of the assessment showed that pupils’ results of the knowledge test were fine, 
despite the little explicit attention to statistical concepts (Annet: “Most children had a 6 or 
higher. And the highest grade was an 8”. Christine: “For me between 7.1 en 9.3”, and David 
”And the average was over a 6.5”). Statistical concepts were not introduced in advance. At 
Bart’s question: “You also mentioned the mean, mode and median? Or not?”, everyone 
responded negatively. The teachers have kept to the agreement that statistical concepts were 
used as the situation demands it (just-in-time teaching) and were not explicitly introduced by 
the teacher.  
It is remarkable that the teachers did not relate the good test results to the chosen approach, 
although Annet noted: “I think they have learned a lot, but it’s all a bit vague what exactly”.  
 
Summary assessment 
During the development phase of the statistical teaching design, teachers regularly discussed 
assessment. Although the theme ‘assessment’ seemed as important as the other themes, 
regarding the number of decisions (33) and preparatory statements (183) in table 5.5, the 
number of evaluative remarks (8) is remarkably low. The evaluation pointed out that the test 
results for individual pupils appeared to be rather good. As the transcripts show, teachers 
found it hard to find criteria how to assess the (creation of the) poster and the statistical 
concepts to be mentioned on the poster. This is evidenced by Annet’s statement (“I think they 
have learned a lot, but it’s all a bit vague what exactly”). This lack of criteria of the poster 
leads teachers to regress to the criteria they used in their regular teaching practice, that is with 
a traditional, written test that evaluates computing the mean, mode and median and the 





5.4.2.3 Group work 
 
Design of group work 
Transcript 6 is from the second network meeting in which teachers discussed the way pupils 
should work on the introduction assignment during the first lesson of the series. With her 
question “In small groups maybe?” (line 3), Annet started the discussion about group work. 
Her question led to the decision that pupils should work in groups from the start of the series 
of lessons, which is obvious because group work fits inquiry-based teaching. Bart found that, 
by placing pupils in groups, teachers have less control over the group (line 7). However, after 
exchanging his opinion with Annet and the facilitator (line 8-10), he formulated: “Groups of 
four, and they can be formed during that first lesson” (line 11).  
On the one hand, this transcript shows how teachers in consultation came to an agreement, 
formulated by Bart (line 11). On the other hand, Bart put his beliefs about the adequacy of 
group work (“I would like to be able to steer it a bit more. I think”, line 7) aside. He went 
along with the flow of the conversation. 
 
Transcript 6: Group work, network meeting 2 
1 Bart You didn’t want to give them short assignments or anything? 
I’m just thinking, so that such a discussion doesn’t turn into a 
whole hour. That, um.... 
2 Facilitator You could start by saying: ‘Think about it’. They should first 
get some time to write down how they would like to approach 
it (i.e. the introductory assignment).  
3 Annet In small groups maybe? 
4 Facilitator Possibly.  
5 Bart Yes, you could have them think about it in small groups. 
6 Facilitator That would perhaps result in more focused ideas, wouldn’t it?  
7 Bart I would like to be able to steer it a bit more. I think.  
8 Annet You could have a plenary discussion first. And then, when the 
question ‘think about how you could do this really quickly 
(i.e. determine which T-shirt sizes the school should order)’, 
create groups.  
9 Facilitator And then the groups should work together? Or in pairs, sitting 




10 Annet Yes, maybe. Groups working together. They don’t know too 
much yet at that point. And they have already decided who 
they want to work with. So they won’t influence that too 
much.  
11 Bart Groups of four, and they can be formed during that first class. 
 
The discussion about group work was continued in the same network meeting. Earlier in 
network meeting 2, the teachers decided that pupils will work in groups. Teachers had 
different views about how groups should be formed. The issue of group formation was self-
selection by pupils or group assignment by teachers. The choice of either option would affect 
the atmosphere in the classroom. Christine supported the view that pupils make groups 
themselves. Annet articulated: “Especially in the beginning of the seventh grade, I prefer 
them to decide "Well I like to work with this person”. Bart found this difficult, because: “But 
what do you do with people who are left over?”. Bart raised no more objections in this part of 
the conversation, although he was skeptical about the yield of group work. Eventually it was 
decided that, depending on the teacher, pupils make their own groups or  teachers create 
groups.  
 
Evaluation of group work 
We mentioned that Bart raised objections about group work. In fact, it appeared that Bart’s 
beliefs about group work did not change, which is shown in transcript 7. First, he still 
doubted about the learning effects of group work (line 1), but Annet argued: “Then they’d 
learn different things” (line 2). Besides that, he felt that he had lost control (line 5), the 
atmosphere in the classroom was less (line 13) and it took him a lot of organization effort 
(line 13). We infer that Bart dominated this evaluation, where others occasionally agreed with 
him.  
 
Transcript 7: Evaluation group work, network meeting 7 
1 Bart There’s eight or nine lessons! When I think about how I would 
do things differently, i.e. in the standard way, I think you could 
do a lot more in eight lessons.  
2 Annet Then they’d learn different things. 




are less intangible.  
4 Annet We set ourselves goals, like: ‘They must learn how those figures 
end up in that book.’ And I don’t think they learn that by just 
working with the textbook. 
5 Bart I don’t know. We’ll have to look into that. Shall I just continue 
with my points! I’ve lost track a bit more. I found things rather 
chaotic in class and in the school. They barge into the 
classrooms every now and then to.... And they bother the 
administration department, and so on and so on. Controlling the 
group and the atmosphere. 
6 Facilitator Wait, lost track. I take it you are speaking for yourself now?  
7 Bart Yes, I’m speaking for myself.  
8 David I agree with him. And with the first point too, by the way.  
9 Facilitator Does that have anything to do with the working method we’ve 
used? 
10 Bart Yes, that too.  
11 David Yes, that too.  
12 Facilitator Of course it’s also due to the circumstances. That there were no 
computers. Those are all unexpected things.  
13 Bart I'll come back to that later. Let me continue. Controlling the 
group and the atmosphere in class. Normally I get to teach actual 
groups, which ensures a certain atmosphere in class. But I’ve 
completely lost that now. And then the circumstances, the 
classroom; it was not very convenient for us to have to go from 
one classroom to another carrying all our stuff around. First you 
have to spend five minutes putting the tables into groups. Then 
they come in. And five minutes before the end you have to hurry 
to. I ended up letting the pupils go five minutes before the end. 
And then having to put all the tables back, and so on and so on. 
Clearing up the poster, rearranging this and rearranging that. 
Influence of microphone/film I’ve jotted down here, that’s an 
issue too. You do act differently than you would normally do. 





Transcript 8 from the evaluation meeting illustrates Bart’s beliefs about group work. He 
remarked (line 1) that some groups had done very nice things, however, his concerns about 
the benefits of group work remained. The way he participated in this project was: “Oh well, 
let’s give it another try” (line 3). He therefore could not be convinced about the value of 
group work by Annet (line 4, 6) and Christine (line 11, 13). He seemingly had too many 
negative experiences with group work in the past and these were fostered by this project.  
Despite of the disappointing experiences, the teachers, except for Bart, showed that they are, 
in principle, positive about group work. This is shown by what Annet (“Because it does have 
added value... Working together”, line 6, line 8) and Christine said: “I think they should do 
that in all subjects... Because in society you also have to work together with all kinds of 
groups of people you wouldn’t normally approach... So I think it’s useful in maths class as 
well” (line 11, line 13, line 15). 
 
Transcript 8: Evaluation group work, network meeting 7 
1 Bart Promote collaboration. That’s undoubtedly true. It makes a 
change, a different working method. And I hope they are more 
actively involved in the subject matter. And some groups have 
done really nice things. They’ve looked up things. And that is 
certainly a good thing. I feel this form is... But I already knew 
that. Otherwise I would of course have done it long before.  
2 Facilitator We also knew that this was how you felt. 
3 Bart We’ve done group work before. The same things come up. And 
then I think: ‘Oh well, let’s give it another try’. Of course you 
run the risk that it becomes a self-fulfilling prophecy. That risk 
is fairly big. 
4 Annet I think it’s good to deal with a certain topic this way once a year.  
5 Bart I don’t know.  
6 Annet Because it does have added value.  
7 Bart I don’t know.  
8 Annet Working together. 
9 Bart Do they have to do that in maths class?  
10 Annet Yes, I think so.  




12 Bart Why? 
13 Christine Because in society you also have to work together with all kinds 
of groups of people you wouldn’t normally approach.  
14 Annet Whatever job you end up in. 
15 Christine So I think it’s useful in maths class as well.  
16 Bart Then I would be more in favour of a separate subject. A special 
course in ‘collaboration’ or something. Ha, ha. 
  
Summary group work 
Although the number of decisions (11) and preparatory statements (112) is rather small 
compared to the other themes, the theme ‘Group work’ is the most evaluated theme (98 
remarks, see table 5.5). Teachers discussed the value of group work and how to stimulate 
pupils during group work. The results of the group work were disappointing to the teachers 
and especially to Bart. Generally, pupils found it difficult to cooperate and teachers had the 
feeling of losing control in the classroom. However, except for Bart, the teachers still had a 
positive stance towards group work. It is our interpretation that teachers see the benefits of 
group work but that they lack skills and, some of them, confidence to organize it in a proper 
way. 
 
5.5 Conclusions and Discussion 
In this study we followed a group of teachers during the process of designing and evaluating 
a teaching design on statistics in a detailed way. This gave us useful information on the 
knowledge and beliefs of the four individual teachers and also on the ways teachers reached 
agreement on three topics we selected (‘subject matter’, assessment’, ‘group work’), which 
were prominently present during the network meetings. By comparing teachers’ statements 
during the design phase (the first six network meetings) with the evaluation phase (during the 
seventh meeting) we got insights into the change of teachers’ knowledge and beliefs. 
In answering the first research question ‘how does the composition of the network influence 
the development process of the teachers’, we concluded from the transcripts that teachers 
have their own ways to participate in discussions. Annet and Christine acted as progressive 
professionals, Bart and David as conservative professionals (Clement & Vandenberghe, 
2000). Annet and Christine were innovative and acted as triggers. They had the drive to 
change their teaching practice regarding the statistical content and they made constructive 




teaching practices. Especially Bart proposed topics for discussion and asked a lot of questions 
that indicated his uncertainty. It is essential that the coaching strategy should ensure that, 
within the school, conservative professionals should not become reactionary professionals.  
During the evaluative network meeting, teachers expressed that they were satisfied with the 
way they worked together. David mentioned: “I think we have been working very 
constructively. The theoretical structure of the design was very plausible”. Annet added: “I 
also had a good feeling every time after the meetings. Like wow, what have we done a lot!”. 
These expressions show that working together was valuable for the teachers. The transcripts 
in the results section demonstrate that teachers were free to express their concerns and 
beliefs, which is only possible in a safe environment. This ensured commitment to the 
teaching design and to the network of colleagues. Important in the process was the interplay 
between the different types of professionals, which indicates that both types are needed to 
come to a good decision. Conservative professionals, like Bart and David, were willing to 
contribute to the network meetings, even if they did not have a drive to change. They 
followed the progressive professionals, like Annet and Christine, who gave them confidence 
and a push to cross the line. When they have seen how the design works in their classroom, 
resulting in positive pupil test results and pupil motivation, the drive naturally developed.  
For answering the second research question ‘what knowledge and beliefs concerning inquiry-
based statistics teaching did mathematics teachers develop during network meetings’, we 
selected three topics and showed how teachers’ knowledge and beliefs developed within that 
topics, which are ‘subject matter’, ‘assessment’ and ‘group work’. Regarding ‘subject 
matter’, teachers concluded that pupils do not need to understand all statistical concepts when 
they start a project. However, they need to categorize and plot data in order to realize later on 
that the distribution of data may take different shapes. This is a remarkable shift in thinking, 
because teachers did not consider inquiry as an application of statistical concepts any more, 
but, instead, they valued the research project as a way to develop students’ statistical 
knowledge. We consider this as an important change in teachers’ beliefs. Regarding group 
work and assessment development of teachers’ knowledge and beliefs is less visible. 
Teachers realized that pupils learned a lot, like skills, but it is difficult for them to identify 
exactly what pupils have learned. In general, teachers were unwilling to relinquish their 
autonomy in the classroom, which is inevitable for group work and also for inquiry-based 
teaching. This had to do with former (negative) teacher experiences and their (efficacy-) 
beliefs. Regarding assessment, teachers fell back on the traditional test (see ‘evaluation of 




created by the pupils. Subsequently, we can conclude that some parts of teachers’ beliefs are 
more easily to change than other parts, depending on how deeply rooted these beliefs are and 
which earlier positive or negative experiences teachers had. With respect to the teaching 
goals of the design, teachers were more willing to re-examine their knowledge and beliefs 
than with respect to group work and assessment. In some way, teachers were afraid to lose 
control, which is required in student-centered teaching. Especially, conservative professionals 
have difficulty letting go of authority (Scott et al., 2006).  
Teachers did not take a clear position regarding the importance of statistics in the school 
curriculum, (see also Pierce & Chick, 2011). It seemed that teachers are more focused on 
guiding student research than on developing statistical concepts. For example, during one of 
the network meetings Bart mentioned that he usually went quickly through the chapter of 
descriptive statistics in the 7th grade and that pupils usually got high grades on the written test 
about this chapter. It seems that he did not pay explicit attention to the value of statistics in 
the curriculum.  
In answering the third research question ‘how did the mathematics teachers reach consensus 
during the network meetings’, we draw the conclusion that the development of a teaching 
design stimulated the teachers to come to consensus. Individual knowledge and beliefs 
merged into joint views, which is needed for reaching consensus. It is clear that consensus 
was reached in the investigated themes and that, after the implementation of the teaching 
design, plans were adjusted. Sometimes, however, beliefs were stronger than the knowledge 
gained, which can make it hard to reach consensus. This was due to the fact that earlier 
concerns of teachers continued to exist. During the meetings, some teachers were very 
enthusiastic (Annet, Christine), others were more reserved (Bart, David). A distinction can be 
made between ‘involvement in’ and ‘contribution to’ decisions. Both conservative and 
progressive professionals can be highly involved, but the type of contribution is different. For 
example, the involvement of both Annet and Bart is relatively large in the decision-making 
process and especially in the number of preparatory statements. Although Bart was a 
conservative professional and Annet a progressive professional, they both strongly 
contributed to the decision-making process. Differences arose in the way contributions were 
made. Bart tended to make procedural remarks and Annet authoritative and dialogic remarks 
putting forward ideas, suggestions and proposals. This can be explained by Bart’s feeling that 
the implication of the teaching design caused that he had lost control over his work. Bart 
remained uncertain about the implementation of the desired behaviour, arising from his 




the evaluative network meeting. He enumerated a list of concerns, particularly according to 
the theme he was most uncertain about: group work.  
From this study we can give some recommendations about the organization of a teacher 
network. The first one is that teachers’ development is promoted in an environment in which 
teachers feel free to discuss their ideas and do not have reservations to put forward 
suggestions. In our network we had a mix of progressive and conservative professionals and 
we saw how the conservative teachers were willing to follow their progressive colleagues and 
to cross the line of new pedagogies. Positive collegial relations ensure that teachers feel 
committed to the network. According to ‘joint work’, teachers should share responsibility for 
teaching, they should share ideas about autonomy and the professional initiatives of 
colleagues should be supported. Due to collegiality teachers were willing to re-examine their 
beliefs and experiment with novel teaching methods they otherwise would not consider (see 
also Jackson & Bruegmann, 2009).  
A second recommendation is about the role of the facilitator. The six principles for 
professional development, mentioned in section 5.2.3 (Little, 1993), gave the facilitator 
guidelines for structuring and monitoring the network meetings. The coaching strategy 
included the following procedural tasks for the facilitator: give support to teachers, 
summarize decisions, establish appointments, structure and monitor network meetings. In our 
strategy, this type of coaching worked out well. It is recommended for the facilitator to keep 
at a distance when it comes to drawing up form and content of the teaching design. However, 
this study suggests that, at some instances, the facilitator could be more directive. For 
example, the facilitator could have proposed strategies for group work that may remove the 
objections raised by some teachers. A more directive facilitator could give conservative 
professionals more self-confidence by giving them examples to show that group work can 
succeed, and that eventually their experience with group work turns out to be more 
successful. 
A third recommendation is about the school environment. The institutional context should be 
stimulating and not prohibitive, as the professional development of teachers is inextricably 
linked to their working environment. School principals should pay attention to the fit between 
the organization’s needs and demands and the abilities of individual teachers (Bogler & Nir, 
2014). Kwakman (2003) mentions that teachers need social as well as cultural support with 
regard to their professional learning activity. She refers to the total amount of helpful 
colleagues and managers that is available within the work context (collegial and management 




(intentional learning support). It is important to listen to teachers in their demand for 
professional development, as teachers are willing to participate more in training activities 
(Van Veen, Zwart, Meirink & Verloop, 2010). Teachers should have the opportunity to 
experiment and, obviously, the school board should support these activities. This means that 
teachers must have the opportunity to participate in longer-lasting and intensive projects, 
such as course design or curriculum design or doing research in collaboration with 
colleagues, and that these activities should be recognized by school administrators. Few 
teachers participate in these types of professional development, while this is, according to 
them, most effective (OECD, 2009, 2014). A stimulating learning environment also includes 
‘more good things to happen’. In schools, this means enhanced student performance, 
increased capacity of teachers, greater involvement of parents and community members, 
engagement of students, satisfaction and enthusiasm about going further and greater pride for 
all in the system (Fullan, 2014).  
 
It is important to note that the teachers decided to continue the network meetings in the 
school year 2007-2008. The experiences were so good, that a follow-up was possible and 
desired. The idea was to revise the teaching design with the same group of teachers, as all 
teachers indicated that they wanted to continue the network meetings in the next year. 
Another success is that the teaching design was adopted by other mathematics teachers of the 
school and it was implemented in a school-wide project week for pupils. This shows that the 
experience of collaboratively working on a teaching design formed the basis of a continued 
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6 General conclusions and discussion 
 
6.1 Context and aims of the study 
In the Netherlands, some major educational reforms in secondary education were 
implemented during the last twenty years. In order to modernize the curriculum, in 1993-
1994 a new curriculum for the first three years of secondary education (In Dutch: 
Basisvorming) has been implemented. The aim of the Basisvorming was to prepare pupils 
better for their functioning in society. Therefore, pupils had to meet a number of established 
core objectives, to be realized by emphases on acquiring basic skills and content, 
indispensable for further development (see Wielemans & Vermeerbergen, 1990). An 
important principle of the Basisvorming is the emphasis on the application of knowledge, on 
the development of cognitive and social skills and on coherence between subjects, known as 
‘Application, Skills and Coherence’ (in Dutch: TVS, Toepassing, Vaardigheden, Samenhang) 
(Harskamp & Suhre, 1997; Van Luyn, 1998). Therefore, mathematics teachers were expected 
to change their teaching methods and to develop skills to coach pupils in research projects, 
such as ‘integrated mathematical activities’ (in Dutch: Geïntegreerde Wiskundige 
Vaardigheden), which apply the TVS-characteristics and imply pedagogies like inquiry-based 
and collaborative learning (Roelofs & Houtveen, 1999). One of the core objectives for 
mathematics education in the Basisvorming is: ”The pupil learns to systematically describe, 
organize, and visualize data and he learns to critically evaluate data, representations and 
conclusions”, which is in accordance with what is called statistical literacy. The ‘integrated 
mathematical activities’, where pupils gain experience in applying mathematics in realistic 
situations and in which pupils develop their skills, may be used to develop students’ 
statistical literacy. 
The Basisvorming parallels similar developments in the US in the 1980s and 1990s. The 
mathematics standards (National Council of Teachers of Mathematics, 1989, 1991) and the 
science standards (National Research Council, 1996) imply an emphasis on inquiry-based 
learning, problem solving, student investigation and discovery, application of knowledge and 
collaborative work (Loucks-Horsley, Hewson, Love & Stiles, 1998).  
 
In an educational innovation, such as the Basisvorming, where the context for teachers 
changes, teachers often need support and training. Although traditional forms of teacher 
training, such as one-day workshops, are quite common, they are widely criticized as being 




increasing teachers’ knowledge and fostering meaningful changes in their classroom practice 
(Loucks-Horsley et al., 1998). This study supports the view that teachers should be 
substantially involved in the preparation as well as in the evaluation and revision of any 
reform effort (e.g., Lynch,1997; Parke & Coble, 1997; Van Driel, Beijaard & Verloop, 2001). 
The role of teachers in the context of curriculum change should not be limited to ‘executing’ 
the innovative ideas of others, like policy makers, curriculum designers or researchers (Van 
Driel, et al., 2001), as active teacher learning involves the opportunity to link the ideas 
introduced during professional experiences to the teaching context in which teachers work 
(Garet, Porter, Desimone, Birman, & Yoon, 2001). Much of what teachers need to learn must 
be learned in and from practice (Hammerness, Darling-Hammond & Bransford, 2005), and 
well-designed professional training helps teachers to realize sustainable changes (Darling-
Hammond, Chung Wei, Andree, Richardson & Orphanos, 2009).  
In teacher training it is important to know what the gap is between the existing teaching 
behavior and the required behavior that fits into the innovation. Generally, before the 
Basisvorming, mathematics teachers had little or no experience in developing and 
implementing research projects. Now, they were expected to introduce inquiry-based 
teaching as a pedagogical approach that invites students to explore content by posing, 
investigating, and answering questions (see National Research Council, 1996).  
This dissertation explored mathematics teachers’ development of practical knowledge during 
the process of the introduction to inquiry-based teaching, by designing a teaching strategy, in 
which 7th grade pupils developed their statistical literacy by conducting statistical research. 
Fenstermacher (1994) referred to ‘practical knowledge’ as the knowledge teachers 
themselves generate as a result of reflections on their experiences. In her study, Meijer (1999) 
used Fenstermacher’s idea of practical knowledge as a starting point, referring to the 
cognitions that underlie teachers’ actions. Thus, in her conceptualization of practical 
knowledge, she considered teachers’ knowledge and beliefs. In my study (see chapter 3), 
teachers’ practical knowledge is defined as ‘the knowledge, skills and beliefs teachers use to 
practice their profession’. My study relies on the categories of teachers’ practical knowledge 
of Meijer (1999, p. 49, 61), adapted for statistics education. I distinguish: 
1. Subject matter knowledge: knowledge of statistics (see also Sowder, 2007) 
2. Student knowledge: knowledge of the students, their motivation and their 
environment 
3. Knowledge of student learning and understanding: knowledge of students’ learning 
and understanding of statistics 
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4. Knowledge of purposes: knowledge of goals for statistics teaching and their 
importance 
5. Curriculum knowledge: knowledge of texts and materials for statistics education and 
knowledge of the content of the statistics curriculum 
6. Knowledge of instructional strategies: knowledge of design, preparation and structure 
of lessons in statistics 
Park and Oliver (2008, p.263) described that four commonalities have consistently appeared 
in the domains of teacher knowledge: pedagogical knowledge, subject matter knowledge, 
pedagogical content knowledge (PCK), and knowledge of context. In their study, Ball, 
Thames and Phelps (2008) examined the work of Shulman (1986a, 1987). Shulman’s work 
was based on general dimensions of teacher knowledge, like pedagogical knowledge, and on 
content-specific knowledge, like subject matter knowledge. Shulman focused on the latter 
types of knowledge. He argued that knowing a subject for teaching requires more than 
knowing its facts and concepts. PCK has been described as the knowledge used to transform 
subject matter content into forms more comprehensible to students (Shulman, 1986b, 1987; 
Grossman, 1990; Marks, 1990) and PCK concerns the teaching of particular topics and refers 
to a transformation of the subject matter knowledge, used by teachers in the communication 
process with learners (Van Driel, et al., 2001). Park and Oliver (2008, p.264) redefined 
Shulman’s definition of PCK by: “PCK is teachers’ understanding and enactment of how to 
help a group of students understand specific subject matter using multiple instructional 
strategies, representations, and assessments while working within the contextual, cultural, 
and social limitations in the learning environment”.  
In Shulman’s categorization (1987), the above-mentioned categories 3 and 6 can be 
considered pedagogical content knowledge (PCK). After Shulman’s introduction of PCK, 
Grossman (1990) considered the categories 4 and 5 also as PCK. Category 2 is similar to 
what others have called ‘knowledge of context’ (Magnusson, Krajcik & Borko, 1999). 
According to Shulman (1986a) and Sowder (2007), teachers should acquire novel practical 
knowledge, like PCK and curricular knowledge, and possibly subject matter content 
knowledge in order to keep up with innovations in education. Furthermore, Bandura (1986) 
argued that self-efficacy beliefs – individuals' judgments of their competence to execute a 
particular task – are the strongest predictors of human motivation and behaviour. Therefore, 





In this study, four teachers of the same school volunteered in a professional development 
trajectory, spread over two years, where they developed, implemented and evaluated a 
teaching design for 7th grade pupils during network meetings. A main purpose of such a 
trajectory is to give teachers a hold for pedagogical decision-making (see Van den Heuvel-
Panhuizen & Wijers, 2005) and for sharing responsibility and authority (Imants, 2003). For 
teachers, this means, for example, that they reflect on subject matter, on teaching strategies, 
on testing pupils and on pupil collaboration, during which they reconsider their own 
knowledge and skills (see Shulman, 1986a).  
The purpose of my study was to investigate how teachers react and behave when they acquire 
novel practical knowledge and to show how teacher development proceeds. Preliminary 
research (see chapter 2) showed that teachers found it difficult to supervise and guide groups 
of 9th grade pupils, when implementing a design for teaching statistical literacy. They also 
found it difficult to distance themselves from their usual central role. The teachers found that 
the regular written tests were not appropriate in this case, as the learning process also had to 
be assessed. Therefore, different assessment procedures of pupil work were necessary. This 
included, for example, assessment through logbooks and posters instead of written tests.  
The main research question of this dissertation is: How do mathematics teachers develop 
their practical knowledge when collaborating on the design and implementation of an 
inquiry-based teaching strategy on statistics for lower secondary pupils? In order to answer 
the research question, I report on a trajectory for the professional development of a small 
group of mathematics teachers. The professional development trajectory in this study is 
designed according to ideas of ‘joint work’ (see chapter 5; Little, 1990). Principles of the 
trajectory in this study are: (1) Teacher development is considered as a long-term process 
(Fullan, 2001). Therefore, the professional development trajectory in this study was spread 
over two years; (2) The trajectory builds on collegiate commitment in order to increase the 
collective efficacy of the group (Fullan, 2001; Jackson & Bruegmann, 2009); (3) The 
trajectory is related to teachers’ classroom practice, because it is known that all successful 
strategies are socially based and action-oriented (Fullan, 2001; Putnam & Borko, 2000); (4) 
Realistic experimentation with new pedagogic forms of working is undertaken; (5) Reflection 
on what works and does not work is essential (Wilson & Berne, 1999). 
Network meetings provide the basis of this professional development trajectory. The network 
meetings, in which a small group of mathematics teachers of the same school participated, 
were led by the researcher who acted as facilitator. During the network meetings, the main 
task of the teachers was developing an inquiry-based teaching design for 7th grade pupils. 
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They discussed the design and implementation of statistical research tasks, until they reached 
consensus. After the design process in network meetings, the teaching design was 
implemented. In the last network meeting, teachers evaluated the design and learning results 
of pupils. In order to achieve the above-mentioned goals, the network of teachers had to 
provide a safe environment for teachers to collaborate and exchange thoughts and ideas.  
 
In my research, I used The Interconnected Model of Teacher Professional Growth (ICMTPG, 
Clarke & Hollingsworth, 2002) to guide my investigation, see Figure 6.1.  
 
 Figure 6.1: An operationalization of The Interconnected Model of Teacher Professional 
Growth 
 
In short, experiences in the classroom [DoP], which are derived from the external domain 
[ED] and from teacher’s practical knowledge [PeD], lead to salient outcomes in the domain 
of consequence [DoC], which influence teacher’s practical knowledge. Change in one domain 
is translated into change in another domain through the mediating processes of reflection 
(dotted arrows) and enaction (solid arrows). Reflection is the ability to look back on an 
experience in a structured manner and to draw conclusions for future actions (Korthagen & 
Vasalos, 2009). Enaction is not only ‘action’ but, more strongly, each action represents a 
confirmation of something a teacher knows, believes or has experienced (Clarke & 
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professional development. In my study, the network meetings serve to exchange knowledge 
and experiences, which will often trigger reflection on each other’s teaching practice and 
ideas. The key ingredient of the domain of practice [DoP] is teachers’ experimenting in their 
classrooms, in particular the implementation of the teaching design and teachers’ behavior 
during the lessons. Change in the domain of consequence [DoC] is firmly tied to the teacher’s 
existing value system and to the inferences the teacher draws from the practices of the 
classroom. Clarke and Hollingsworth (2002) mention as an example that using a new 
teaching strategy can have a positive outcome for one teacher, but a feeling of loss of control 
for another teacher. This domain is therefore coloured by teacher’s expectations and can be 
described as new conclusions drawn by the teachers with respect to their classroom practice. 
The personal domain [PD] consists of teachers’ practical knowledge, including knowledge 
and beliefs. In section 6.2 I will return to this model. 
 
The development of teachers’ practical knowledge was established by using a number of 
instruments. I used concept maps, semi-structured interviews, lesson observations and 
transcripts of network meetings to identify crucial aspects of teachers’ development of 
practical knowledge. In the school year 2006-2007, one cycle of developing, implementing 
and evaluating the teaching design was spread over six months. In the school year 2007-2008, 
the same cycle was carried out, with the difference that the first design was improved by a 
group of two different and one the same mathematics teachers of the same school. I collected 
concept maps, conducted semi-structured interviews, transcribed network meetings and made 
lesson observations in both years, but the first group yielded so many data that I largely have 
limited my study to this group. 
 
6.2 Conclusions  
 
In this section I will briefly discuss the four studies that were conducted, described in the 
chapters 2, 3, 4 and 5, and the conclusions that were drawn. 
 
6.2.1 Conclusions from the different studies 
The first study, described in chapter 2, is an exploratory study to inform me which skills 
teachers need to develop to be able to engage in inquiry-based teaching. The study was also 
necessary in order to obtain information about the skills pupils need. It was important to 
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know whether or not teachers and pupils lacked knowledge and skills to guide or perform 
research assignments. The study focused on 9th grade pupils and the way they performed 
statistical research. For that purpose, an introductory assignment was developed, where 
pupils followed an investigative cycle under supervision, based on a given problem 
definition. The intention was also, that some statistical concepts were introduced during the 
work on this assignment, like the mean, mode, median, correlation and representative sample. 
Furthermore, a statistical research assignment was designed by me and I also determined 
characteristics of the teaching of statistical literacy from literature (McClain & Cobb, 2001; 
Bakker & Gravemeijer, 2002; Bakker, 2004; Doerr & English, 2003; Chance, 2002). The 
assignment demanded that pupils had to go through a well-defined investigative cycle 
(Millar, 1989; Wild & Pfannkuch, 1999; Pijls, Dekker & Van Hout Wolters, 2000; Van Rens 
& Dekker, 2000), which meant that they started with defining a problem and formulating the 
research question, to interpreting their results, using their previously acquired statistical 
knowledge. The research assignment had an open character: pupils chose their own topics, 
research questions, data collection methods, and reporting of results. The condition was that 
pupils had to find a correlation between two variables. By way of learner reports, which is an 
instrument to collect information on the pupils’ progress and performance (Schenke & 
Galjaard, 2010), pupils reported on what they have learned. With help of learner reports, 
pupils should become more conscious, not only of the problems that may occur when 
independently conducting research, but also of their own strengths and weaknesses in this 
field (see Wild & Pfannkuch, 1999). Teachers guided groups of pupils when performing the 
research task. 
I found that some aspects of the implementation of the research assignment went better than 
others. As positive aspects of the first study I identified that pupils acquired sufficient 
knowledge of statistical concepts and graphical representations. They were able to calculate 
measures of centre (like mean and mode) and they were able to draw various different 
graphical representations, such as pie and bar charts with or without the help of a statistical 
computer program like VU-Statistiek or Excel. The investigative cycle served as guidance for 
pupils. They conducted their research by formulating their own research questions, drawing 
up a research plan, drawing conclusions and looking back on the problem. By means of 
learner reports, pupils indicated their own development with regard to relevant skills, like 
‘Task distribution’, ‘Making agreements’ and ‘Keeping agreements’ with regard to working 
in groups, and skills used for statistical purposes, such as ‘Collecting data’, ‘Processing data 




in the learner reports that they enjoyed doing research and that they would like to do this 
more often. They indicated that what they enjoyed most about the project was working 
together with their classmates. 
In the first study, I found that a few things went different than intended. Although pupils 
acquired sufficient knowledge of statistical concepts, this knowledge appeared to be isolated. 
In the context of conducting statistical research, pupils were able to calculate the mean, mode 
and median, but they could not decide when to use which measure of centre. Furthermore, the 
preparatory phase did not sufficiently prepare pupils to apply their statistical knowledge and 
concepts, to interpret measures of centre, to correlations between variables and to keep a log 
book. Finally, teachers did not put sufficient emphasis on metacognitive skills of pupils, and 
they did not monitor the process by checking pupils’ log book and checking pupils’ research 
questions on suitability.  
Although the teachers were pleasantly surprised by the dedication and motivation 
demonstrated by their pupils, the nature of the problems that occurred shows that teachers 
had difficulties with how to monitor and regulate pupil learning. For example, teachers 
should have provided more guidance in the pupils’ choice of topic and should have 
intervened sooner if a research question was limited to a calculation problem. Pupils should 
be encouraged to fill in a log book, because this encourages them to think about 
appropriateness of their actions. But most teachers had no experience in supervising research 
projects. 
In conclusion, the first study gave a format for an intervention to train teachers to apply 
inquiry-based teaching. In this format, teachers must learn to control and regulate pupil 
learning, which emphasizes that teachers must learn to develop skills in guiding research 
assignments. Therefore, teachers should place sufficient emphasis on metacognitive skills of 
pupils and their feedback should focus on finding suitable research questions, aimed at 
finding a correlation between variables. Furthermore, teachers should learn pupils to work on 
the basis of the investigative cycle, including filling in the log book, which helps pupils to 
monitor the research process. Furthermore, teachers must learn to support pupils’ 
development of statistical literacy by identifying critical phases in assignments and asking the 
right questions at the right time. Although the pupils were able to calculate measures of 
centre and draw graphical representations, they did not always draw the right conclusions 
from their research. As pupils of the 9th grade were already introduced to statistical concepts 
in the 7th grade, more attention should be paid in applying these concepts. According to Van 
der Sanden, Terwel & Vosniadou (2000) concepts can develop during the research process, 
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instead of being presented in advance. This way, concepts are addressed when pupils ask for 
it. However, this requires a different teaching approach.  
 
The above shows that teachers may benefit from a professional development trajectory with 
special emphasis on encouraging pupils to work together, teaching pupils statistical literacy 
and explicitly paying attention to metacognitive skills.  
In order to support mathematics teachers in guiding research assignments, I designed a 
professional development trajectory anchored in peer collaboration, which I called a network. 
The second study, described in chapter 3, investigated four mathematics teachers of the same 
school who were introduced to a new pedagogical approach to teaching statistics through 
inquiry-based teaching. During the course of network meetings, based on ‘joint work’ (Little, 
1990), and implementation of the newly and jointly designed statistical teaching strategy for 
7th grade pupils, I aimed at revealing how teachers changed their practical knowledge by 
means of data from interviews, concept maps and classroom observations 
The combination of drawing concept maps and discussions of concept maps provided me 
with information about teachers’ profiles and a comparison of the teachers’ initial (before the 
intervention) and final (after the intervention) practical knowledge. Two important 
conclusions can be drawn from the second study. Firstly, three of the four concept maps 
became more pupil-centred after the intervention, instead of being more teacher-centred 
before the intervention. Secondly, the teachers differed in the concerns they raised during the 
intervention, and correspondingly, they developed at different speed. I found how the nature 
of the teachers’ development was dependent on their practical knowledge, for example, about 
‘group work’ or ‘statistical content’. Two teachers, Annet and Christine, emphasized that 
pupils should learn research and collaboration skills, which were, according to them, just as 
important as learning the statistical concepts. Two other teachers, Bart and David, were 
primarily concerned to teach statistical knowledge, possibly conditioned by the textbook. 
Changing their teaching practice raised new concerns among these teachers. Individual 
differences depend on teachers’ practical knowledge and beliefs, and especially concerns are 
crucial.  
I found that our experienced teachers had what Fuller (1969) called ‘late concerns’, which 
may be positive or negative. It seemed that negative teacher concerns are linked to an 
approach in which ‘subject matter’ is predominant. For example, David raised many 
concerns, particularly after the intervention. He was rather negative about the outcomes of the 




problems on the self-chosen research questions I interpreted as: Either too ambitious or too 
simple’, and about group work: ‘the size of the groups depends on the guidance. I believe 
there are too many groups to help all at once’. These concerns dominated thinking of these 
teachers and hindered them from further experimenting in their practice. This may be the 
reason that, although practical knowledge underlies teachers’ actions, I determined with the 
instruments used that for some teachers there is clear agreement between their practical 
knowledge and their observed teaching practice, while for others this is not the case. The 
point is that teachers may use experiences in a positive way and show that they have learned 
from their experiences. I also concluded that, although networks are considered as effective 
in influencing teachers’ efficacy beliefs (McDonald & Klein, 2003), I was not successful in 
realizing an effect on efficacy beliefs with all of the teachers participating in the network. It 
was my impression that, although there are some differences in their initial and final practical 
knowledge (see chapter 3), some teachers needed more time to adopt novel teaching 
strategies, but they were willing to experiment with it again.  
 
In the third study, described in chapter 4, I aimed at identifying the interrelation between 
successful implementation of novel teaching strategies and changes in practical knowledge. I 
used the Interconnected Model of Teacher Professional Growth (ICMTPG) (see figure 6.1) of 
Clarke and Hollingsworth (2002) as a means to describe the process of professional 
development (see also De Jong, Van Driel & Verloop, 2005; Anderson & Moore, 2006). The 
essence of the model for my study was to describe cycles of teacher change. Chains of events 
from the ICMTPG were used to represent changes in teachers’ practical knowledge. In a 
single case study with one teacher who showed most progress, Annet, I found that changes 
originated from the implementation of the teaching design in the classroom by means of 
discrepancies between expectations and experiences. Reflection on the formulated 
expectations during the network meetings and during and after the lessons resulted in 
development of practical knowledge during a process of two years. Applying cycles of 
change from the ICMTPG provided an explanation of our findings: the teacher’s practical 
knowledge changed in the personal domain. Controlled experimentation and reflection were 
necessary conditions to learn a new teaching strategy and to develop a series of lessons for 
pupils. The third study showed a few essential components in my approach: 
1. The network approach was effective as Annet was able to tailor her teaching and 
design to the requirements of her pupils, and to adapt her actions more to the 
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classroom context. In other words, she showed flexibility. This is an extension in 
practical knowledge in the category ‘Knowledge of context’.  
2. Enactment of teaching practices and reflection on experiences from the classroom had 
been a major ingredient of the network meetings. Processes of reflection and enaction 
are prerequisites for learning and these processes have to become ingrained in 
teachers’ daily practice. 
3. In round 1 the arrows describing the process of teacher change are mainly 2, 1, 5, 3, 7, 
8 and 9 (see Figure 6.1). In round 2 the process may be described by the arrows 2, 4, 6 
and 8 see (Figure 6.1), which means that thanks to the growth of Annet´s practical 
knowledge, her enaction became more explicit. In the first round, arrow 2 was not yet 
firmly developed, but in round 2 Annet´s contribution to the network meetings was 
stronger. 
 
The positive effects of the network approach gave rise to further exploring the decision-
making process. The fourth study, described in chapter 5, focused on the discourse in 
discussions in the network of four mathematics teachers, in order to explore stimulatory and 
inhibitory factors. Therefore, I analyzed transcripts of network meetings on statements that 
indicated decisions and on statements that contributed to the decision-making. The most 
frequently discussed themes were: teaching goals, assessment and group work. Teachers 
engaged in discourse and reached consensus, and the discourse showed teachers’ 
development of practical knowledge on teaching goals, assessment and group work. My 
analysis of the transcripts of the network meetings revealed that while teachers changed their 
teaching they also experienced common difficulties in the implementation of the teaching 
design. 
Since the development of practical knowledge differs per teacher, I will give an overview of 
the most important findings of the fourth study. Regarding the teaching goals, the most 
interesting development was that teachers made a switch from statistical skills to statistical 
literacy. This implies that teachers focused more on pupils’ research projects and the 
development of pupils’ research skills than they did before. However, it is important to note 
that statistical skills are a requirement for statistical literacy (see also Rumsey, 2002). 
Teachers found it hard to find criteria how to assess statistical literacy. This is suggested by 
Annet’s statement “I think they have learned a lot, but it’s all a bit vague what exactly”. This 
lack of criteria leads teachers to abandon the criteria they used in their regular teaching 




disappointing by the teachers and especially by Bart. Generally, pupils found it difficult to 
cooperate and teachers had the feeling of losing control in the classroom. However, except 
for Bart, the teachers still had a positive stance towards group work. It is my interpretation 
that teachers see the benefits of group work but that they lack skills and, some of them, 
confidence to organize it in a proper way and to assess pupils’ learning.  
I found how a collegial network stimulated teachers to cross the line of new pedagogies, even 
if individual teachers did not have a drive to change (see also Jackson & Bruegmann, 2009). 
Collaboratively working on a statistical teaching design and jointly reflecting on what 
happened in the classrooms provided a focus to the discussions. Working together was 
valuable for the teachers: conservative professionals and progressive professionals 
complement each other (Clement & Vandenberghe, 2000). Although these are different types 
of professionals, they both strongly contributed to the decision-making process. Distinction 
can be made between ‘involvement in’ and ‘contribution to’ decisions (see chapter 5 for a full 
description). In short, conservative professionals ask questions and progressive professionals 
devise arguments for the selected (and agreed upon) route. It is essential that the coaching 
strategy should ensure that, within the school, both types of professionals feel free to discuss 
their ideas and do not have reservations to put forward suggestions. Otherwise, conservative 
professionals can become reactionary , restricting themselves to their own classroom practice.  
 
6.2.2 Answers to the main research question 
The main research question of my study is: ‘How do mathematics teachers develop their 
practical knowledge when collaborating on the design and implementation of an inquiry-
based teaching strategy on statistics for lower secondary pupils?’. 
Although this question asks for the factors influencing the teachers’ development, I first give 
an overview of what practical knowledge teachers learned during the trajectory. Combining 
the findings from the chapters 3 to 5, we can draw following conclusions on their 
development. An important change in teachers’ PCK is that teachers realized that pupils do 
not need to understand all statistical concepts before they start a project but, instead, that 
students’ understanding of statistical concepts can be developed gradually during the project. 
This is a remarkable shift in thinking, because teachers did not consider inquiry as an 
application of statistical concepts any more, but as a context in which students can develop 
their statistical literacy. We found that teachers were more willing to re-examine their 
knowledge and beliefs on teaching goals (especially, statistical literacy), than on group work 
and assessment. Regarding group work, teachers were unwilling to relinquish their autonomy 
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in the classroom, which is inevitable for group work and also for inquiry-based teaching. On 
the other hand, they developed skills to guide groups of pupils during conducting their own 
research. Regarding assessment, teachers found ways to assess the posters, made by the 
pupils. However, teachers also fell back on a traditional written test, despite their original 
plans to only use a more innovative assessment with a poster created by the pupils. It seemed 
that their beliefs prevented them from this way of assessment. Especially, efficacy beliefs 
may play a role here, as teachers do not believe in their own abilities to use other assessment 
methods. 
Although teachers developed their knowledge of statistics, of the teaching of statistics and of 
inquiry-based teaching, it became clear that teachers’ development and the changes in their 
practical knowledge are diverse. Firstly, teachers develop at different speed as one teacher 
needs more time to adopt novel teaching strategies than others. Secondly, two teachers, Bart 
and David, tended to fall back on old habits, like traditional instruction and assessment 
methods. All teachers, however, wanted to continue to work in the network, so they had to 
come near each other. Consensus was reached about the content of the teaching design, but 
teachers still did not have all the answers for guidance and organization of the process in the 
classroom.  
 
The factors that affected teacher change can be divided into two groups: the knowledge and 
beliefs of the participating teachers, and the way the network meetings were organized. First, 
I have identified factors that were related to teachers’ knowledge and beliefs. Teachers’ 
knowledge and beliefs have been shaped by their previous experiences. In some of the 
network meetings we found how these former experiences affected the discussions and 
decisions made in the network. I also found how teachers’ knowledge and beliefs led to 
expectations on the successes and failures of the design, Especially, teachers negative 
expectations (concerns) played a role in the way some of teachers participated in the 
discussions, implemented the design and judged the outcomes of the implementation of the 
design.  
Teachers evaluate and develop their own practical knowledge by means of comparing 
expectations with experiences (arrow 3 in figures 6.1 and 6.2). For example, in chapter 4 I 
found that the most important changes in Annet’s practical knowledge originated from 
encountering discrepancies between expected and actual pupil behavior. During the 
implementation of the teaching design in the classroom, she experienced that pupils did not 




underestimated the problems pupils had when working together in groups. However, she was 
convinced that pupils learned different things by working in groups, and ‘I don’t think they 
learn that by just working with the textbook’, which was her new conclusion. Bart, however, 
perceived the problems during the group work differently (see chapter 3). He said that the 
trajectory was quite demanding for him. After the implementation of the teaching design he 
repeated his (task-based) concerns, which were apparently confirmed by his experiences 
during the lessons. However, the lesson observations did not reflect these doubts. He 
indicated that ‘the pedagogical part is rather difficult’, but this was not apparent in the lesson 
observations. He asked pupils questions to guide them adequately through the research 
phases, and pupils were animated and motivated in their work. For him, the results of the 
implementation was a confirmation of the concerns he had beforehand, and his conclusion 
was that pupils would have learned more if he had given them traditional instruction. Thus, 
the ways in which mathematics teachers develop their practical knowledge are diverse, 
depending on their concerns, which emerge from their previous teaching experiences. 
 
Figure 6.2 as a part of figure 6.1, which represents an operationalization of the ICMTPG, can 










Figure 6.2: A part of the ICMTPG to emphasize the role of concerns 
 
In figure 6.2, concerns play a role in the arrows 6, 7, 8 and 9. The domain of consequence 
[DoC] is teachers’ personal frame of reference. The development of beliefs (and concerns) 
may occur through this domain. Arrow 7 represents the reflection on salient outcomes of the 
events in the classroom and teachers’ new conclusions regarding these events. Arrow 8 
represents the use of practical knowledge to model newly acquainted conclusions drawn from 
new classroom experiences. Arrow 9 represents the reflection on the constituted outcomes of 
















the teachers’ exploration of a new teaching strategy, leading to changes in teachers’ practical 
knowledge. 
Arrow 4 represents the enaction of teachers’ practical knowledge in the classroom as a 
regular feature of teachers’ practice. Arrow 3 represents teachers’ reflection on classroom 
events. This is similar to the reflection represented by arrow 7. The difference is that the 
process represented by arrow 3 involves less dramatic changes in practical knowledge, for 
example, knowledge about pupils. This latter process involves extensions of teachers’ routine 
knowledge and do not directly affect their deep-rooted beliefs on teaching.  
For teachers who are not open to educational change, innovation can only be successful if 
they change their belief system. When implementing an innovation, the teacher should 
experiment in the classroom. He must weigh what he finds important and abandon the secure 
environment. If this change leads to negative experiences, the teacher is likely to revert to his 
‘old’ practical knowledge and his concerns may be enforced. If the change leads to positive 
experiences, the teacher is likely to integrate these experiences into his practical knowledge. 
The way teachers value experiences is determined by the domain of consequences, related to 
his practical knowledge. This valuation is also influenced by the network. Colleagues bring in 
their interpretation of their classroom experiences and these influence the interpretations by 
individual teachers. Thus, the network might compensate for individual negative experiences 
and may result in changes of teachers’ beliefs. In a network environment individual beliefs 
become part of a network belief system. 
 
As a result of my study, I identified some factors affecting the successfulness of the network. 
First, the network activities were structured by the common design task. Research has shown 
that many of the best learning experiences emerge when humans are engaged in designing 
and creating things, especially things that are meaningful either to us or to others around us 
(e.g., Papert 1993, Resnick, 2002). By means of controlled experimentation, which evaluates 
an idea by implementing it (Papert, 1993), my study provided a good learning experience for 
the teachers. Evaluation of the teaching design gave teachers indications on what did and did 
not work for their pupils.  
Teachers’ engagement and commitment was an important factor. It appeared that the 
commitment of the participants to the group and consequently to the teaching design was 
strong and, as indicated above, strongly influenced teachers’ development. Teachers reached 
consensus during network meetings on the content and implementation of the statistical 




lesson observations it appeared that teachers acted in accordance with the agreements reached 
during network meetings.  
 
The role of the facilitator is particularly important, as the facilitator gave structure to the 
network meetings and she monitored the development and evaluation process of the statistical 
teaching design. This means that the facilitator had an organizational responsibility, by 
ensuring the continuity of the network meetings, a substantive responsibility by sharing 
literature on statistics education and a responsibility to moderate and streamline the group 
process and the developmental process. The facilitator, however, did not interfere with 
content, form and implementation of the teaching design in order to increase teachers’ 
motivation and dedication to the developed statistical teaching design. 
Another influence on teachers’ development concerns the prolonged character of the network 
meetings. Desimone (2009) mentioned that intellectual and pedagogical change requires 
professional development activities to be of sufficient duration, which shows support for 
activities that are, for example, spread over a semester and include 20 hours or more of 
contact time. The intervention took a period of two years and in one year network meetings 
were spread over 6 months, and one network meeting took at least 50 minutes. 
Another important factor is that the network environment should be sufficiently safe, so that 
teachers are not afraid to be open and could appeal if they did not agree with someone else. 
Lieberman & Pointer Mace (2010) mention about Little’s (1982, 1986) work that teachers 
who planned and worked together over time built commitment not only to each other but to 
further learning. Even the act of “struggling” together at the same time in the same ways 
helped teachers to master new practices.  
 
6.3 Practical knowledge and teacher change 
In my study I use the term ‘teachers’ practical knowledge’. This is a comprehensive concept, 
as it includes in our study teachers’ knowledge, beliefs, skills and attitudes (see Jones & 
Carter, 2007). There is no agreed-upon distinction between knowledge and beliefs in research 
in teachers’ knowledge (Borko & Putnam, 1996). In chapter 1, I defined practical knowledge 
as ‘the knowledge, skills and beliefs teachers use to practice their profession’. Pajares (1992) 
found that beliefs were defined as being based on evaluation and judgment, while knowledge 
is based on objective fact. Moreover, beliefs have both affective and evaluative functions, 
acting as information filters and impacting how knowledge is used, organized and retrieved 
(Gess-Newsome, 1999). Beliefs, next to other factors, do influence how teachers perceive and 
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enact their roles in the classroom. According to Clement (1999), knowledge is ‘belief with 
certainty’. Philipp (2007, p.267) describes the distinction as follows: “A conception is a belief 
if a person could respect a position that is in disagreement with the conception as reasonable 
and intelligent, and it is knowledge if the person could not respect a disagreeing position with 
the conception as reasonable and intelligent. Under this definition, one person’s belief may 
be another person’s knowledge”. Although there is no clear linear relationship between the 
development of beliefs and the amount of practice (Cross, 2009), behavior can only be 
changed when beliefs are discussed (Stipek, Givvin, Salmon & MacGyvers, 2001). 
In my study knowledge, beliefs and attitudes are not always separated, but my study shows 
the importance of beliefs in teacher change. When teachers gain evidence of improved 
student learning and see that a new program or innovation works well in their classrooms, 
change in their attitudes and beliefs may follow (Guskey, 2002).  
According to Ernest (1989), two factors affect beliefs during their transformation into 
practice: (1) the constraints and opportunities of the social context of teaching, which results 
from the expectations of others including students, parents, colleagues and superiors, and (2) 
the teacher's level of consciousness of his or her own beliefs, which is related to the extent to 
which the teacher reflects on his or her practice of teaching mathematics. Ernest mentions 
that some of the key elements in the teacher's thinking, and its relationship to practice, are the 
following: 
x Awareness of having adopted specific views and assumptions as to the nature of 
mathematics and its teaching and learning.  
x The ability to justify these views and assumptions.  
x Awareness of the existence of viable alternatives in teaching strategies.  
x Context-sensitivity in choosing and implementing situational appropriate teaching and 
learning strategies in accordance with his or her own views and models.  
x Reflexivity: being concerned to reconcile and integrate classroom practices with 
beliefs; and to reconcile conflicting beliefs themselves.  
Looking at the above points, the network environment in this study gave teachers the 
opportunity to express and reflect on their beliefs, to compare and justify their beliefs, to 
become aware of alternative beliefs and to design a teaching strategy in accordance with their 






As indicated, in my study teachers developed their practical knowledge. In the research 
setting, I clearly can make a distinction between the extent in which teachers adapt to a new 
teaching pedagogy. Some teachers have difficulties in adapting their beliefs to new 
pedagogies of teaching, which points at an interaction between teacher beliefs, and especially 
concerns, and teacher professional identity. My study shows that experiences do not always 
lead to changes in practical knowledge, as teachers interpret experiences through the filters of 
their existing knowledge (cf. Putnam & Borko, 1997). Beijaard, Meijer and Verloop (2004, 
p.123) noticed that identity formation is a process of practical knowledge building 
characterized by an ongoing integration of what is individually and collectively seen as 
relevant to teaching. According to Canrinus, Helms-Lorenz, Beijaard, Buitink and Hofman 
(2011, p.594), teacher professional identity generally pertains to how teachers see themselves 
based on their interpretations of their continuing interaction with their context. For instance, 
Bart sees himself different than how he has been perceived by the researcher during his 
lessons (see section 6.2). The network in this study did not fully succeed in having a positive 
effect on Bart’s efficacy beliefs, such as taking away his concerns. However, Bart agreed to 
join the network meetings in the next year despite his concerns (see chapter 3). Canrinus et al. 
(2011) mention the following indicators for teachers’ professional identity: job satisfaction, 
self-efficacy, occupational commitment and change in the level of motivation. These 
constructs are often described in the literature as being important to teacher behavior and they 
represent a personal perspective on how teachers view themselves as professionals in their 
work. As I did not always find a direct correspondence between teaching practices and 
practical knowledge, I draw the conclusion that teaching practices are not only determined by 
a teacher’s practical knowledge but also by his professional identity. In my study, important 
components of professional identities are, for example, perseverance, willingness to 
experiment and be able to deal with disappointment. 
 
6.4 Reflection on research methods 
I used several research instruments to identify teachers’ practical knowledge and each 
research instrument has contributed to this identification. Through concept maps and 
discussions in combination with semi-structured interviews, I was able to explore and analyze 
teachers’ practical knowledge in a detailed way. This stands in contrast to the literature, 
which is rather sceptical about the use of concept maps in revealing teachers’ practical 
knowledge (see Meijer, 1999; McClure, Sonak & Suen,1999). My experience is that concept 
maps combined with individual interviews about the concept maps may be a useful research 
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instrument, especially when comparing teachers’ concept maps before and after an 
intervention, as the first concept map served as a reference. A strong point of the combination 
of concept maps and subsequent interviews is that concept maps give rise to talk about goals, 
content, form and assessment of – in my case, statistics – education. If the concept maps are 
taken as the starting point, it forces teachers to reflect on their practical knowledge, which 
provides insight into their knowledge and beliefs.  
 
The discussions during network meetings represented the process of teachers’ decision-
making. I got insight into the changes of teachers’ practical knowledge by comparing 
teachers’ statements during the design phase (the first six network meetings) with the 
evaluation phase (during the seventh meeting). Transcripts of network meetings, concept 
maps and transcripts of the discussions of concepts maps and interviews, enabled me to get 
insight into the development of the teachers and construct cycles of change from the 
Interconnected Model of Teacher Professional Growth.  
In my study, lesson observations supported the other data sources, especially the discussions 
of concept maps and the semi-structured interviews. Lesson observations were conducted to 
indicate teacher behaviour during the implementation of the teaching design. I have observed 
each lesson of all the teachers, but I could have used the lesson observations more 
intensively. For example, to validate my conclusions on teachers’ practical knowledge. 
Another option is to use video recordings along with stimulated recall interviews, letting 
teachers explicate their decisions in response to watching the videotape of a lesson they have 
just given (cf. Calderhead, 1981; Lyle, 2003). In this way, for example, I could have checked 
how teachers’ individual decisions in the classroom relate to the agreements made during the 
network meetings. 
 
I collected qualitative data, because I needed a detailed exploration and understanding of 
teachers’ practical knowledge. This resulted in in-depth information about the development 
of the mathematics teachers. The effects found are not generalizable, but it is important to 
realize that the school context in which teachers work is taken into account in this study. The 
school context may stimulate or hamper the collaboration between teachers. These local 
conditions within schools are essential for the success of professional development, 
especially when following the ‘joint work’ strategy in this study. The challenge of enhancing 
teacher professionalism is, significantly, a local matter. Quantitative large-scale research 




(2005, p. 187) note: “ qualitative methods can help researchers to describe various 
manifestations of intended outcomes that may not be reflected in standardized instruments 
and to identify unintended positive or negative outcomes for the individual and 
institution/community.” 
 
6.5 Recommendations for teachers’ professional development  
In this study, teachers collaborated in a network of colleagues on a teaching design for 7th 
grade pupils. This is an effective form of professional development, as my study shows that 
in such teacher networks social commitment is large. Teachers participated, sometimes in 
solidarity with colleagues, and they subsequently got caught up in the development process.  
My research provided insights into stimulating and inhibitory factors for teachers’ 
development. In arranging network meetings for teachers, I have a number of 
recommendations concerning the organization of the network meetings, the role of the 
facilitator and the school context. 
Regarding the network meetings, my recommendations are: 
1. An essential element of the professional development trajectory is that teachers 
collaborated on a teaching design, which was also implemented. In this way, there 
was a clear, common goal and the trajectory was linked to their daily teaching 
practice. Teachers designed teaching materials by exchanging experiences and 
knowledge. In the design process, they discussed pupils’ prior knowledge, structure 
of learning materials, teaching objectives and testing methods. 
2. The network of teachers should guarantee an environment where all types of teachers 
feel free to discuss their ideas and do not have reservations to put forward 
suggestions. Positive collegial relations ensure commitment to the network and to the 
collaboratively developed teaching design. Thus, the network gives teachers ample 
opportunities to discuss their knowledge and beliefs. 
3. Teachers should use resources, like research literature, in the process of developing 
the teaching design in order to get knowledge of the subject matter content and 
domain-specific pedagogies. 
4. Teachers should articulate their personal development goals at the start of a 
professional development trajectory. If clear learning objectives have been 
formulated, it can be determined whether they are met at the end of the trajectory. 
Otherwise, interim adjustment may be possible. 
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5. In my study, teachers evaluated the teaching design during an evaluative network 
meeting. The facilitator lost sight of the teachers during the implementation of the 
teaching design, in particular concerning practical issues that arose during the 
implementation phase. As an improvement of the professional development 
trajectory, I recommend that teachers should meet for intermediate collegial 
consultation in order to discuss interim problems during the implementation of the 
teaching design. For example, they may try to take away existing or arising concerns 
during the implementation phase by reflection on action. 
6. It is also recommended that teachers visit each other’s lessons during the period of 
implementation of the teaching design, to see how the lessons of colleagues proceed. 
Afterwards, an evaluation of the lesson may take place. Further, the use of video 
recordings of lessons could have offered opportunities to evaluate the teaching design 
and its implementation during the network meetings. 
 
During the network meetings, the facilitator has an important role. My recommendations on 
the facilitator’s role are: 
1. The facilitator leads the network meetings and provides a focus to the discussion, 
creates and gives support to teachers, summarizes decisions, establishes appointments, 
structures and monitors network meetings. However, the ownership of the process 
should be in the hands of the teachers. The facilitator should keep distance when it 
comes to drawing up form and content of the teaching design; 
2. The facilitator provides teachers with resources at the proper moment. Resources 
could be examples of teaching materials (instructional materials, computer software, 
examples of tests) and research literature. By giving examples of good practice, the 
facilitator may remove objections raised by the teachers and could give teachers self-
confidence; 
3. The facilitator can take away unpleasant emotions, such as disappointment and 
frustration perceived by the teachers as roadblocks on the path to achieving their goals 
(Cross & Hong, 2012). 
 
The school context should not be prohibitive, but should invite teachers to develop their 
professional expertise. The school management has a responsibility in supporting this kind of 
professional development and should stimulate teacher collaboration. These teams should be 




activities. This does not mean that teachers should teach the same subject, like in this study. 
The network meetings may be expanded across different subjects or schools. My study 
showed that, due to collegiality, teachers were willing to re-examine their beliefs and 
experiment with a teaching focus they otherwise would not consider. I assume that, when 
teachers from different schools collaborate, a sense of solidarity can also be created. A good 
example is the ‘Studiestijgers’-group, a teacher network of the University of Groningen. 
Within ‘Studiestijgers’, mathematics teachers from different schools work in teams under the 
guidance of a coach on their own educational and professional development (regarding 
subject matter and pedagogy). These teachers can be generally regarded as progressive 
professionals. They may play a leading role in the school regarding professional 
development.  
  
6.6 Outlook on teachers’ professional development  
This study underlines that the introduction of system wide educational reform requires 
schools to allocate time for school and professional development. Possibly, one of the reasons 
the ‘Basisvorming’ was not successful, was because teachers said they have had limited 
opportunity for professional training (Roelofs, Vermeulen & Houtveen, 1998). With respect 
to the ‘Basisvorming’, teachers indicated that in realizing the core objectives the domains 
'skills' and 'statistics' remained behind, especially when it came to research strategies, 
processing data with the computer and interpret output (Roelofs et al., 1998). It is important 
to listen to teachers in their demand for professional development. Although professional 
development of teachers is seen as one of the essential means to increase the quality and 
image of education, a survey of teachers in lower secondary education shows that 88 % of the 
teachers participated in professional development (OECD, 2014), but the time spent is below 
10% of the standard year task, which should be devoted to professional development 
according to collective agreements (Van Veen, Zwart, Meirink & Verloop, 2010). About half 
of the teachers wishes to spend more time in training activities. The OECD-study also 
showed that in many countries (including the Netherlands) professional development is often 
limited to one-day meetings, such as seminars and the like. These meetings, however, have 
(much) less effect than longer-lasting and more intensive projects, such as gaining a higher 
qualification or doing research (individually or in collaboration with colleagues). Few 
teachers participated in these latter types of professional development, while this is, 
according to the teachers, most effective. Teachers should have the opportunity to experiment 
and obviously, the school board should support these activities, as cooperation in departments 
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is more valuable than corridor chats (Onderwijsraad, 2013). Furthermore, in the new Dutch 
collective agreements 2014-2015, teachers are free to spend their annual budget for 
professional development, consisting of 5% of their standard year task and 600 euros. The 
Dutch Ministry of Education, Culture and Science has launched various plans to increase the 
quality of Dutch teachers. In the report Actieplan Leerkracht van Nederland (Ministerie 
OCW, 2007), the Ministry concluded that the Netherlands is on the brink of a dramatic 
shortage of good quality teachers. The signal from the report was that educational innovation 
primarily is a matter for the professional, which is the teacher. In a covenant was established 
that teachers should receive better compensation, more training opportunities and a greater 
say in educational innovations. Professional development trajectories as in this study, could 
be expanded as coach trajectories within schools, where collegial consultation and sharing 
knowledge and experiences could play a major role, leading to direct impacts in the school. 
These trajectories should also focus on the more long-term agenda to create attractive work 
conditions for present and future teachers in schools (Van Veen et al., 2005). The school 
management can rely on teachers, as teachers are willing to expand their roles because of 
understandings of and commitment to beliefs of good teaching, collegial expectations, and 
the moral imperative of teaching to provide the best possible educational opportunities for 
students (Bartlett, 2001, 2004).  
De Vries (2014) states that teachers develop their beliefs about learning and teaching and 
discover the value of development as an important part of their professional role, when they 
have abilities to reflect on and analyze their experiences. Another important activity in 
professional development programs for teachers includes deepening or updating knowledge 
and refining skills, especially the knowledge and skills developed are those that have been 
established as effective in achieving valued student outcomes (Timperley, Wilson, Barrar & 
Fung, 2007). Therefore, it remains important to stay near the subject to be taught and 
immediate application of training in educational practice. The new examination programs 
(from 2015) for havo (mathematics A) and vwo (mathematics A and C) contain the subject 
statistics, which focuses on working with large data sets. That is a big shift compared to the 
current examination programs. Teachers have to be well prepared for this change. Teaching 
needs to respond to curriculum changes and the dynamics of society. Schools that want to 
align to the information society with new teaching methods can facilitate small-scale projects 
and encourage cooperation and networking so that well-founded examples of professional 
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In the Netherlands, some major educational reforms in secondary education were 
implemented during the last twenty years. All these innovations aimed at enhancing the 
efficiency and quality of secondary education. Among the most recent innovations are the 
introduction of the Basisvorming in lower secondary education and the Tweede Fase in upper 
secondary education. In my study, I am particularly interested in the challenges these kinds of 
reforms pose to teacher professionalization.  
An important principle of the Basisvorming is the emphasis on the application of knowledge, 
on the development of cognitive and social skills and on coherence between subjects, known 
as ‘Application, Skills and Coherence’ (in Dutch: Toepassing, Vaardigheden, Samenhang). 
This principle emphasizes that not only knowledge, but also practice and skills, including 
research skills, are considered important. 
The reform plans for secondary education obviously affected the mathematics curriculum and 
the renewal of mathematics education in the Basisvorming was shaped with the W12-16 
project. With the introduction of the new mathematics curriculum applications got a bigger 
place in the program, for instance as ‘Integrated Mathematical Activities’ (In Dutch: 
Geïntegreerde Wiskundige Activiteiten), at the expense of formal mathematics and algebraic 
techniques and algorithms. One of the core objectives of the new mathematics in the domain 
‘Organizing data’ is that ‘the pupil learns to systematically describe, organize, and visualize 
data and he learns to critically evaluate data, representations and conclusions’. This 
objective is considered as a component of statistical literacy. When pupils are statistical 
literate, they understand the statistical research process and statistical concepts and they 
master skills in collecting and processing data, in interpreting and critically assessing results 
and in reasoning on the basis of statistical concepts. In my study the choice for statistical 
literacy was not arbitrary. Statistics is the most widely applied subfield in mathematics. 
Research has shown that an effective way to teach statistical literacy is that pupils do research 
with data collection, applying statistical concepts and drawing conclusions.  
For mathematics teachers, the new curriculum marked a new effort because they were faced 
with new types of assignments for pupils, new classroom activities, teaching of new skills 
and applying new pedagogies like inquiry-based and collaborative learning. When switching 




To investigate the way teachers and pupils need to operate in the new context of teaching and 
learning statistical literacy, I investigated a classroom with 9th graders when working on a 
statistical research project (see chapter 2). This exploratory research showed that pupils 
acquired sufficient knowledge of statistical concepts and graphical representations. They 
were able to calculate measures of central tendency (like mean and mode) and they were able 
to draw various different graphical representations, such as pie and bar charts with or without 
the help of a statistical computer program. An investigative cycle, introduced in an 
introductory lesson, served as guidance for pupils’ activities. They were able to set up their 
own statistical research, starting by choosing a topic, formulating research questions, using 
data collection methods, and reporting of results. However, pupils could not decide when to 
use which measure of central tendency. Teachers, on the other hand, had difficulties with 
how to monitor and regulate pupils’ learning, which involved guiding pupils in choosing a 
topic, formulating research questions, filling in a log form, evaluate the results, and reflect on 
their own actions. This was due to the fact that most teachers had no experience in 
supervising open research projects.  
The exploratory study showed that teachers have to learn competencies and acquire novel 
practical knowledge in order to guide pupils through research assignments. They may benefit 
from a professional development trajectory with special emphasis on encouraging pupils to 
work together, teaching pupils statistical literacy and explicitly paying attention to 
metacognitive skills.  
 
Professional development can be provided in many ways, such as (one-day) courses, 
conferences or workshops, visits to other schools or participation in a network of teachers. 
The traditional ways of teacher development with courses to provide teachers with 
knowledge about novel teaching methods have proven to be ineffective. My study focuses on 
the use of a teacher network for professional development, as this allows teachers to reflect 
collaboratively on feasible activities within the school context. Following the results of the 
exploratory study, I started a network of teachers who were willing to engage in the design of 
a series of lessons aimed at statistical investigations following an inquiry-based approach. I 
aimed to explore mathematics teachers’ development of practical knowledge, during the 
process of the introduction to inquiry-based teaching, by letting them collaboratively design a 
teaching strategy in a network. I defined practical knowledge as the knowledge, skills and 
beliefs teachers need to practice their profession. The main research question of my study is 




on the design and implementation of an inquiry-based teaching strategy on statistics for lower 
secondary pupils. I answered the research question by combining the findings from the 
chapters 3, 4 and 5.  
 
The facilitator planned network meetings in a way that teachers met about every four weeks 
over a period of seven months during the first year. In the second year, the trajectory was 
repeated with a slightly different group of teachers. During network meetings, teachers 
discussed the teaching design and evaluated the design, after it had been implemented in their 
classrooms. The network consisted of four mathematics teachers from the same school, which 
was a large comprehensive school in a small town in the north of the Netherlands. In general, 
the teachers did not have much experience with inquiry-based teaching, although they were 
all experienced teachers, with an educational experience varying from 6 to 23 years. 
Furthermore, experiences in collaborative working with colleagues were also limited. 
The study described in chapter 3 had a number of objectives. Firstly, I tried to describe 
teachers’ practical knowledge and, more particularly, changes in teachers’ practical 
knowledge after the trajectory. Secondly, I tried to identify the factors that influence teachers’ 
practical knowledge during the trajectory. 
In order to explore teachers’ practical knowledge, concept maps and semi-structured 
interviews were used. The combination of concept maps and discussions on the concept maps 
gave insights into teachers’ practical knowledge. Additionally, interviews were used to 
collect facts about teachers and their ways of teaching. Lesson observations revealed 
teachers’ actions in the classroom, providing more details on teachers’ practical knowledge.
I found that the network strategy in my study was successful to some extent. Teachers 
became more pupil-centered, which means that they turned their focus more to the learning of 
pupils during the trajectory, rather than focusing on their own role. Teachers differed in the 
concerns they raised and sometimes these concerns hindered them from further 
experimenting in the classroom. Some teachers saw their concerns confirmed and used them 
as an argument to return to traditional methods of teaching, while for other teachers concerns 
were a challenge to improve the teaching design and its implementation. It also appeared that 
teachers develop at different speed: some teachers needed more time to adopt novel teaching 
strategies than others.  
 
Chapter 4 shows how the network approach can be effective in promoting change. We 
selected one specific teacher, Annet, to show how change occurred. She was very intensely 
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involved in the network meetings and had a prominent role in taking decisions. During the 
network meetings she acted as a progressive professional. Progressive professionals have 
control over their work and they have no difficulty to account for their work in the classroom 
as well as for their functioning at school level, within the team. Progressive professionals 
invest a lot in working with colleagues and function well in teams.  
I used the Interconnected Model of Teacher Professional Growth (ICMTPG) of Clarke and 
Hollingsworth (2002) for describing Annet’s professional growth. Her development may well 
be described by a number of ‘cycles of change’, derived from the ICMTPG. The cycles 
showed that, thanks to the growth of Annet’s practical knowledge, she was able to use her 
newly acquired knowledge and to tailor her teaching and the design to the requirement of her 
pupils, and to adapt her actions more to the classroom context. For example, Annet 
retrospectively noticed that the design process has been a learning process for her and that 
she made a mistake by leaving out the use of the computer for representing data. She 
mentioned: “I instantly used the computer, we cannot work without it”. I found that the 
interaction during network meetings, experimentation in the classroom with the new teaching 
strategy and reflection on what happened in the classroom are fruitful conditions to develop 
new practical knowledge.  
  
In chapter 5, I compared teachers’ statements during the six network meetings in the design 
phase with the seventh network meeting in the evaluation phase. I investigated how teachers 
engaged in discourse and reached consensus, and the discourse showed teachers’ 
development of knowledge and beliefs. One of the decisions made during the network 
meetings is that teachers concluded that pupils do not need to understand all statistical 
concepts when they start a project. This is a remarkable shift in thinking and an important 
change in pedagogical content knowledge, because teachers changed their conception of 
inquiry as an application of statistical concepts to a conception that they value the research 
project as a way to develop students’ statistical knowledge. Development of teachers’ 
knowledge and beliefs on the organization of group work and assessment is less visible. 
During the evaluation meeting teachers realized that pupils learned a lot, especially skills, but 
it was difficult for them to identify exactly what pupils have learned. In general, teachers 
were reserved to relinquish their autonomy in the classroom, which is inevitable for group 
work and also for inquiry-based teaching. Chapter 5 also reveals that teachers had their own 
ways to participate in discussions, depending on the nature of their concerns. Teachers who 




to see the merits of it. In dealing with educational reforms progressive professionals can give 
conservative professionals confidence and a push to cross the line of a new pedagogy, like 
inquiry-based teaching, even if they did not have an intrinsic drive to change. 
Summarizing, teachers develop their knowledge and beliefs, because working together in a 
network ensures that there is a large commitment during the design process and during the 
implementation of the teaching design. 
 
The chapters 3, 4 and 5 show that my research indicates how teachers’ practical knowledge 
develops during a professional development trajectory in which teachers collaboratively 
design and implement a series of statistics lessons. The most important changes in teachers’ 
practical knowledge originated from the implementation of the developed statistical teaching 
design in the classroom, by means of discrepancies between the formulated expectations 
during network meetings and experiences during the implementation of the teaching design. 
For teachers who are not open to educational change, innovation can only be successful if 
they change their belief system. Concerns, which originate from their beliefs, determine the 
extent to which teachers are open to change. Concerns arise with a more or less emotional 
undertone and thereby signal uncertainty and possible resistance to new situations. For an 
educational change, the teacher should experiment in the classroom. The teacher must weigh 
what he finds important and must abandon the secure environment. If the change leads to 
uncertainty or negative experiences, the teacher is likely to revert to his ‘old’ practical 
knowledge, including his ‘old’ concerns. If the change leads to positive experiences, the 
teacher is likely to extend his practical knowledge and adopt new teaching approaches.  
Using a new teaching strategy had a positive outcome for one teacher, but a feeling of loss of 
control for another teacher. Drawing new conclusions is therefore coloured by teacher’s 
expectations and their perception of outcomes. During network meetings, colleagues bring in 
their interpretation of their classroom experiences and these influence the interpretations by 
individual teachers. Thus, the network might compensate for individual negative experiences 
and concerns and may result in changes of teachers’ beliefs. In a network environment 
individual beliefs become part of an interpersonal belief system. 
  
It appeared that the commitment of the participants to the group and consequently to the 
teaching design was strong. Teachers participated in network meetings, sometimes because of 
solidarity with colleagues, and they subsequently got caught up in the development process. 
Collegiality and commitment to the teaching design and to the group are factors to continue 
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experimenting and to take away concerns. The network meetings were an environment where 
the teachers felt free to discuss their ideas and did not have reservations to put forward 
suggestions. Positive collegial relations made teachers re-examine their beliefs and 
experiment with a teaching focus they otherwise would not consider. The regularity of the 
network meetings and the planned events were important factors in the progress of teachers’ 
professional development. As facilitator of the network meetings, I explicitly did not interfere 
with content, form and implementation of the teaching design. Teachers had to reach 
consensus about these parts in order to increase their motivation and dedication to the 
developed statistical teaching design. 
The professional development trajectory was successfully grounded in teachers’ classroom 
practice, as the jointly developed teaching design was also implemented. Teachers could 
immediately see that their statistical teaching design caused motivation and enthusiasm by 
their pupils. Although networks are considered as effective in influencing teachers’ efficacy 
beliefs, I was not successful in realizing this with all teachers participating in our network. 
Teacher development proceeds very individual, and attention should be paid to these 
differences during professional development trajectories. It is my impression that two of the 
teachers needed more time to adopt novel teaching strategies. It seems likely that both 
teachers needed support during the implementation of the teaching design. 
 
In arranging network meetings for teachers, I recommend that teachers collaborate on a 
concrete product, such as a teaching design, which is also implemented and evaluated. In this 
way, the trajectory is linked to teachers’ daily teaching practice. The teachers design teaching 
materials by exchanging experiences and knowledge. For this purpose it is important that 
teachers feel free to put forward and discuss their ideas. Teachers should use resources, like 
research literature, in the process of developing the teaching design in order to get knowledge 
of the subject matter content and domain-specific pedagogies. Teachers should articulate their 
personal development goals at the start of a professional development trajectory. If clear 
learning objectives have been formulated, it can be determined whether they are met at 
different stages in the trajectory.  
The facilitator gives structure to the network meetings and has an organizational 
responsibility, by ensuring the continuity of the network meetings, a substantive 
responsibility by sharing literature on statistics education and a responsibility to moderate and 
streamline the group process and the developmental process. The facilitator, however, should 




increase teachers’ motivation and dedication to the teaching design. The facilitator can give 
conservative professionals more self-confidence by giving them examples of good practice, 
in order to remove concerns. The facilitator can take away unpleasant emotions, such as 
disappointment and frustration perceived by the teachers as roadblocks on the path to 
achieving their goals.  
The school administration has a responsibility in supporting this kind of professional 
development and should stimulate teacher collaboration, for example by stimulating ‘joint 
work’ in departments. These teams of teachers should be composed in such a way that 
participating teachers contribute to the design of teaching activities.  
 
My study presents a strategy to support teachers in educational innovations and gives detailed 
information about the development of teachers’ practical knowledge. Teachers do not always 
know how to deal with educational innovations and how to deal with pupils in new situations. 
It is, therefore, important to listen to teachers in their need for professional development. 




In de afgelopen twintig jaar zijn er in Nederland een aantal onderwijshervormingen in het 
voortgezet onderwijs ingevoerd. Deze hervormingen hadden als doel om de effectiviteit en de 
kwaliteit van het onderwijs te verhogen. Voorbeelden van hervormingen in het voortgezet 
onderwijs zijn de introductie van de Basisvorming in de onderbouw en de Tweede Fase in de 
bovenbouw. In mijn onderzoek ben ik in het bijzonder geïnteresseerd in de uitdagingen die 
hervormingen met zich meebrengen voor de professionalisering van docenten. 
Belangrijk uitgangspunten van de Basisvorming waren de nadruk op de toepassing van 
kennis, op de ontwikkeling van cognitieve en sociale vaardigheden en op de samenhang 
tussen vakken. Naast de verwerving van kennis gaat het ook om de verwerving van 
vaardigheden, inclusief onderzoeksvaardigheden. 
Uiteraard waren de hervormingen van invloed op het wiskundeonderwijs in de onderbouw. 
Toepassingen van de wiskunde in realistische contexten werden belangrijker, zoals 
bijvoorbeeld bij de Geïntegreerde Wiskundige Activiteiten, ten koste van formele wiskunde 
en algebraïsche technieken en algoritmes. Eén van de kerndoelen in het nieuwe domein 
‘Ordenen van gegevens’ is: ‘De leerling leert gegevens systematisch te beschrijven, ordenen 
en visualiseren, en leert gegevens, representaties en conclusies kritisch te beoordelen’. Dit 
kerndoel kan beschouwd worden als een onderdeel van statistische geletterdheid, ook wel 
statistical literacy genoemd. In mijn studie was de keuze voor statistische geletterdheid niet 
willekeurig, omdat statistiek een van de meest toegepaste onderdelen van de wiskunde is, 
zeker in niet-wiskundige contexten. 
Als leerlingen statistisch geletterd zijn dan begrijpen ze het statistische onderzoeksproces en 
de statistische begrippen en ze beheersen vaardigheden in het verzamelen en verwerken van 
data, het interpreteren en kritisch evalueren van resultaten en het redeneren op basis van 
statistische begrippen. Onderzoek laat zien dat een effectieve manier voor het onderwijzen 
van statistische geletterdheid het uitvoeren van eigen onderzoek is door leerlingen. 
Leerlingen moeten dan hun eigen data verzamelen, statistische begrippen toepassen en uit de 
data conclusies trekken.  
Voor wiskundedocenten markeerde het nieuwe curriculum een nieuwe inspanning, omdat zij 
werden geconfronteerd met nieuwe soorten opdrachten voor leerlingen, nieuwe activiteiten in 
de klas, het onderwijzen van nieuwe vaardigheden en het toepassen van nieuwe didactische 




didactische methoden kunnen docenten verschillende moeilijkheden tegenkomen, waardoor 
twijfels (concerns) ontstaan over de geschiktheid van die methoden. Deze twijfels kunnen er 
toe leiden dat docenten een vernieuwing afwijzen en niet uitvoeren. 
Om te onderzoeken hoe docenten en leerlingen functioneren bij het onderwijs van statistische 
geletterdheid heb ik in een onderbouwklas (klas 3 havo) bestudeerd hoe het onderwijs 
verloopt bij een statistisch onderzoeksproject (zie hoofdstuk 2). Dit exploratieve onderzoek 
liet zien dat leerlingen voldoende kennis van statistische begrippen en grafische 
representaties verwierven. Ze konden centrummaten (zoals het gemiddelde en de modus) 
berekenen en ze konden verschillende grafische representaties tekenen, zoals cirkel- en 
staafdiagrammen, zowel met als zonder het gebruik van een statistisch computerprogramma. 
Een onderzoekscyclus, gepresenteerd tijdens een introductieles, diende als ondersteuning 
tijdens de leerlingenactiviteiten. Leerlingen konden hun eigen statistische onderzoek 
opzetten, te beginnen bij het kiezen van een onderwerp, vervolgens het formuleren van 
onderzoeksvragen, data verzamelen en tenslotte het rapporteren van de resultaten. Echter, 
leerlingen konden niet kiezen wanneer ze welke centrummaat moesten gebruiken. Docenten 
vonden het lastig om het leren van leerlingen te monitoren en te reguleren, wat betekende dat 
ze het lastig vonden om leerlingen te begeleiden in het kiezen van een onderwerp, het 
formuleren van onderzoeksvragen, het invullen van het logboek, het evalueren van resultaten 
en het achteraf met leerlingen reflecteren op leerlingenactiviteiten. Dit werd veroorzaakt 
doordat de meeste docenten geen ervaring hadden in het organiseren en begeleiden van open 
onderzoeksprojecten. Deze exploratieve studie liet zien dat docenten nieuwe competenties en 
praktijkkennis moeten verwerven om leerlingen goed te kunnen begeleiden bij 
onderzoeksprojecten. Ze kunnen baat hebben bij een professioneel ontwikkeltraject met 
speciale nadruk op het bevorderen van samenwerking tussen leerlingen, het onderwijzen van 
statistische geletterdheid aan leerlingen en het expliciet aandacht besteden aan 
metacognitieve vaardigheden.  
 
Professionele ontwikkeling kan op verschillende manieren worden aangeboden, zoals 
eendaagse of meerdaagse cursussen, conferenties en workshops, het bezoeken van andere 
scholen en deelname aan docentennetwerken. Uit de onderzoeksliteratuur blijkt dat de 
traditionele manier van professionele ontwikkeling bij docenten met cursussen waarin 
docenten kennis opdoen over nieuwe manieren van lesgeven niet effectief is. Mijn onderzoek 
richt zich op een docentennetwerk, waar docenten gezamenlijk kunnen reflecteren op 
activiteiten binnen hun schoolcontext. In het netwerk werkten docenten mee aan het 
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ontwikkelen en evalueren van een lessenserie rond statistisch onderzoek, gebaseerd op 
onderzoeksgericht leren. Het netwerk was de omgeving om de ontwikkeling van de 
praktijkkennis van de wiskundedocenten te onderzoeken. Ik definieer praktijkkennis in dit 
onderzoek als de kennis, vaardigheden en opvattingen die docenten hebben over het leren en 
onderwijzen van statistiek, statistische geletterdheid en het statistiekcurriculum. Deze kennis 
hebben zij nodig om lessen waarin leerlingen aan statistische onderzoeksopdrachten werken 
te ontwerpen, uit te voeren en te evalueren. De hoofdvraag van mijn onderzoek is hoe de 
praktijkkennis van wiskundedocenten zich ontwikkelt gedurende het samenwerken in de 
netwerkbijeenkomsten 
De netwerkbegeleider plande eens in de vier weken de bijeenkomsten, gedurende een periode 
van zeven maanden in het eerste onderzoeksjaar. In het tweede onderzoeksjaar werd dit 
traject herhaald, maar met een iets andere groep docenten. Gedurende de 
netwerkbijeenkomsten discussieerden de docenten over het onderwijsontwerp en ze 
evalueerden het ontwerp nadat ze het geïmplementeerd hadden in hun klassen. Het netwerk 
bestond uit vier wiskundedocenten van dezelfde school, een grote school in een kleine stad in 
het noorden van Nederland. In het algemeen hadden de docenten weinig ervaring met 
onderzoeksgericht onderwijs, hoewel ze allen ervaren docenten waren met 6 tot 23 jaar 
ervaring in het onderwijs. Verder hadden de docenten ook weinig ervaring in het op deze 
wijze samenwerken met collega’s. 
 
De studie die in hoofdstuk 3 wordt beschreven had een aantal doelen. Ten eerste heb ik 
geprobeerd om de praktijkkennis van docenten te beschrijven en, meer in het bijzonder, 
veranderingen in hun praktijkkennis na het professioneel ontwikkeltraject. Ten tweede heb ik 
geprobeerd om factoren te identificeren die de praktijkkennis van docenten beïnvloeden 
gedurende het professioneel ontwikkeltraject. 
Om de praktijkkennis van docenten te bepalen heb ik gebruik gemaakt van concept maps en 
semigestructureerde interviews. De combinatie van concept maps en aansluitende interviews 
gaf inzicht in de praktijkkennis van docenten. Tevens werden de interviews gebruikt om 
gegevens over docenten en hun manieren van lesgeven te verzamelen. Lesobservaties 
toonden het handelen van de docenten in de klas, wat zorgde voor extra gegevens over de 
praktijkkennis van docenten. 
Ik ontdekte dat de netwerkstrategie tot op zekere hoogte succesvol was. Het bleek dat 
docenten gedurende het traject steeds meer gingen nadenken over hoe ze hun lessen konden 




twijfels die ze uitten en soms weerhielden deze twijfels hen ervan om verder te 
experimenteren in de klas. Sommige docenten zagen hun twijfels bevestigd en gebruikten ze 
als een argument om weer volgens traditionele methoden les te gaan geven. Anderen 
gebruikten hun twijfels juist als een uitdaging om het onderwijsontwerp en de implementatie 
daarvan te verbeteren. Verder bleek dat docenten zich in een verschillend tempo ontwikkelen, 
sommige docenten hebben meer tijd nodig om zich nieuwe didactische methoden eigen te 
maken dan anderen.  
 
Hoofdstuk 4 laat zien hoe een netwerkstrategie veranderingen in praktijkkennis bij docenten 
bevordert. We selecteerden één specifieke docent, Annet, om te laten zien hoe verandering 
optreedt. Zij was intensief betrokken bij de netwerkbijeenkomsten en ze had een belangrijke 
rol bij het nemen van beslissingen. Gedurende de netwerkbijeenkomsten trad ze op als een 
progressieve professional. Progressieve professionals hebben controle over hun werk en 
functioneren goed in de klas, in de school en in het team. Progressieve professionals 
investeren veel in het samenwerken met collega’s. 
Ik heb gebruik gemaakt van het Interconnected Model of Professional Growth (ICMPG) van 
Clarke and Hollingsworth (2002) om Annets professionele ontwikkeling te beschrijven. Haar 
ontwikkeling is beschreven met een aantal cycli, ontleend aan het ICMPG. Deze cycli laten 
zien dat Annet, dankzij de groei van haar praktijkkennis, haar onderwijs, het 
onderwijsontwerp en haar acties in de klas aan kon passen op de behoeftes van haar 
leerlingen. Bijvoorbeeld, terugkijkend merkte Annet op dat het ontwerpproces een leerproces 
was voor haar en dat ze een fout had gemaakt door in het lesontwerp de computer niet te laten 
gebruiken bij het weergeven van data. Ze noemde: “Ik besloot ter plekke om de computer te 
gaan gebruiken, we kunnen er niet zonder”. De interactie gedurende de 
netwerkbijeenkomsten, het experimenteren in de klas met de nieuwe onderwijsstrategie en 
reflectie op wat er gebeurde in de klas waren nuttige voorwaarden om nieuwe praktijkkennis 
te ontwikkelen. 
 
In hoofdstuk 5 vergeleek ik de uitspraken van docenten tijdens de zes netwerkbijeenkomsten 
in de ontwerpfase met de zevende netwerkbijeenkomst tijdens de evaluatiefase. Ik onderzocht 
de inbreng van docenten tijdens discussies en gesprekken (discourse) en hoe ze tot consensus 
kwamen. De aard en de mate van de inbreng was een maat voor de ontwikkeling van de 
praktijkkennis van docenten. Eén van de genomen beslissingen tijdens de 
netwerkbijeenkomsten was dat de docenten concludeerden dat leerlingen niet alle statistische 
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begrippen hoeven te begrijpen als ze met een statistiekproject starten. Dit is een opmerkelijke 
verschuiving in het denken van de docenten en een belangrijke verandering in praktijkkennis, 
omdat docenten hun opvatting over de rol van onderzoek veranderen van een toepassing van 
statistische concepten naar een mogelijkheid om het leerlingenonderzoek te gebruiken om 
hun statistische kennis te ontwikkelen. 
 
De ontwikkeling van de kennis en opvattingen van docenten over de organisatie van 
groepswerk en toetsing is minder zichtbaar. Gedurende de evaluatieve netwerkbijeenkomst 
realiseerden docenten zich dat leerlingen veel geleerd hebben, vooral vaardigheden, maar dat 
het moeilijk voor hen was om te benoemen wat leerlingen precies hebben geleerd. In het 
algemeen waren docenten terughoudend met het opgeven van hun autonomie in de klas, wat 
onvermijdelijk is bij groepswerk en ook bij onderzoeksgericht lesgeven. Hoofdstuk 5 laat 
tevens zien dat docenten hun eigen manieren hebben als ze deelnemen aan discussies, 
afhankelijk van de aard van hun twijfels. Docenten die oorspronkelijk bezorgd waren over de 
effectiviteit van groepswerk en hun eigen werkdruk bij groepswerk gingen gaandeweg de 
voordelen ervan zien. Bij het omgaan met hervormingen in het onderwijs kunnen 
progressieve professionals hun collega’s die zelf niet de intrinsieke drive hebben om te 
veranderen zelfvertrouwen en een duwtje in de richting van nieuwe didactische methoden 
geven. 
Samengevat, docenten ontwikkelen hun kennis en opvattingen in een netwerk, omdat het 
samenwerken ervoor zorgt dat docenten zich committeren aan het ontwerpproces en aan het 
onderwijsontwerp.  
 
In de hoofdstukken 3, 4 en 5 beschrijf ik hoe de netwerkstrategie bijdraagt aan de 
ontwikkeling van de praktijkkennis van docenten gedurende een professioneel 
ontwikkeltraject, waarin docenten gezamenlijk een serie statistieklessen ontwikkelen die ze 
later ook uitvoeren. De belangrijkste veranderingen in de praktijkkennis van docenten 
ontstonden door de implementatie van het ontwikkelde statistische onderwijsontwerp, waarbij 
er verschillen waren tussen de geformuleerde verwachtingen tijdens netwerkbijeenkomsten 
en ervaringen tijdens de implementatie van het onderwijsontwerp. Voor docenten die niet 
open staan voor veranderingen is innovatie alleen succesvol als ze hun persoonlijke 
opvattingen over het lesgeven (beliefs system) veranderen. Twijfels die voortkomen uit hun 
opvattingen bepalen de mate waarin docenten open staan voor veranderingen. Twijfels 




oproepen. Als er veranderingen zijn in het onderwijs, dan zouden docenten moeten 
experimenteren in de klas. De docent moet bepalen wat hij belangrijk vindt en moet de 
veilige omgeving verlaten. Als de verandering tot onzekerheid of negatieve ervaringen leidt, 
is de kans groot dat de docent terugkeert naar zijn ‘oude’ praktijkkennis, inclusief zijn ‘oude’ 
twijfels en bezorgdheid. Als de verandering tot positieve ervaringen leidt, dan is het 
waarschijnlijk dat de docent zijn praktijkkennis uitbreidt en zich nieuwe manieren van 
lesgeven eigen maakt. 
Het gebruiken van een nieuwe onderwijsstrategie had een positief gevolg voor de ene docent, 
maar een gevoel van het verlies van controle voor een andere docent. Het trekken van nieuwe 
conclusies is daarom gekleurd door de verwachtingen van docenten en hun beleving van de 
uitkomsten. 
Tijdens netwerkbijeenkomsten brengen collega’s opvattingen van hun leservaringen in en 
deze kunnen andere docenten beïnvloeden. Dus, het netwerk kan een compensatie leveren 
voor individuele, negatieve verwachtingen en twijfels en kan resulteren in een verandering 
van opvattingen van docenten. Binnen een netwerkomgeving worden individuele opvattingen 
onderdeel van een gedeeld kader van opvattingen. 
 
De betrokkenheid van de deelnemers met de groep en daarmee met het onderwijsontwerp 
was groot. Docenten participeerden in netwerkbijeenkomsten, soms uit solidariteit met 
collega’s, en vervolgens werden ze gegrepen door het ontwikkelproces. De factoren 
collegialiteit en betrokkenheid bij het onderwijsontwerp en bij de groep dragen ertoe bij dat 
docenten blijven experimenteren en dat twijfels worden weggenomen. In de 
netwerkomgeving voelden de docenten zich vrij om hun ideeën te bespreken en ze voelden 
zich niet geremd om suggesties te geven. Positieve collegiale relaties zorgden ervoor dat de 
docenten kritisch gingen nadenken over hun opvattingen en dat ze experimenteerden met 
onderwijs dat ze anders niet zouden overwegen. 
De regelmaat van de netwerkbijeenkomsten en de geplande activiteiten waren belangrijke 
factoren in de voortgang van de professionele ontwikkeling van docenten. Als begeleider van 
de netwerkbijeenkomsten bemoeide ik me expliciet niet met de inhoud, vorm en 
implementatie van het onderwijsontwerp. Docenten moesten consensus bereiken over deze 
onderdelen om hun motivatie en betrokkenheid bij het ontwikkelde onderwijsontwerp te 
verhogen.  
Het professionele ontwikkeltraject was succesvol verankerd in de lespraktijk van docenten, 
omdat het ontwikkelde onderwijsontwerp ook werd geïmplementeerd. Docenten konden 
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onmiddellijk zien dat leerlingen gemotiveerd en enthousiast werden door hun ontwerp. 
Hoewel netwerken behulpzaam zijn bij het overtuigen van docenten om hun onderwijsgedrag 
te veranderen, was ik niet succesvol in het realiseren hiervan voor alle deelnemende 
docenten. De ontwikkeling van docenten verloopt individueel en er moet aandacht zijn voor 
verschillen tijdens professionele ontwikkeltrajecten. Het is mijn indruk dat twee docenten uit 
het netwerk meer tijd nodig hadden om zich een nieuwe didactiek eigen te maken. Het lijkt 
erop dat beide docenten meer ondersteuning nodig hadden bij de implementatie van het 
onderwijsontwerp. 
 
Voor het organiseren van netwerkbijeenkomsten voor docenten adviseer ik dat docenten 
samenwerken aan een concreet product, zoals een onderwijsontwerp, dat ook wordt 
geïmplementeerd en geëvalueerd. Op deze manier is het professioneel ontwikkeltraject 
gekoppeld aan de dagelijkse lespraktijk van de docenten. De docenten kunnen dan 
lesmateriaal ontwerpen en ervaringen en kennis uitwisselen. Hierbij is het belangrijk dat 
docenten hun ideeën vrijuit naar voren kunnen brengen en kunnen bespreken. Docenten 
zouden bronnen moeten gebruiken, zoals onderzoeksliteratuur, in het ontwikkelproces van 
het onderwijsontwerp om vakinhoudelijke en vakdidactische kennis te verkrijgen. Docenten 
zouden hun persoonlijke ontwikkeldoelen aan het begin van het traject moeten verwoorden. 
Als duidelijke leerdoelen zijn geformuleerd, dan kan op verschillende momenten in het 
ontwikkeltraject worden bepaald of de doelen al dan niet gehaald zijn.  
De begeleider structureert de netwerkbijeenkomsten en is verantwoordelijk voor de 
organisatie en continuïteit van de netwerkbijeenkomsten, voor het uitwisselen van literatuur 
over statistiekonderwijs en voor het stroomlijnen van en bemiddelen bij het groeps- en 
ontwikkelproces. De begeleider moet zich echter niet bemoeien met de inhoud, vorm en 
implementatie van het onderwijsontwerp om de motivatie en betrokkenheid van docenten bij 
het onderwijsontwerp te vergroten. De begeleider kan conservatieve professionals meer 
zelfvertrouwen geven door het verschaffen van goede praktijkvoorbeelden. De begeleider kan 
onplezierige emoties wegnemen, zoals teleurstelling en frustratie die docenten tegenkomen 
als obstakels op het pad naar het doel. 
De schoolleiding heeft een verantwoordelijkheid om docenten te ondersteunen tijdens 
dergelijke vormen van professionele ontwikkeling. Zij zou docenten moeten stimuleren om 
samen te werken, bijvoorbeeld door het stimuleren van joint work binnen vaksecties. 
Docententeams zouden zo moeten worden samengesteld dat deelnemende docenten bijdragen 




Mijn studie presenteert een strategie om docenten te ondersteunen bij 
onderwijsvernieuwingen en geeft gedetailleerde informatie over de ontwikkeling van de 
praktijkkennis van docenten. Docenten weten niet altijd hoe ze met onderwijsvernieuwingen 
moeten omgaan en hoe ze in nieuwe situaties leerlingen moeten ondersteunen in hun 
leerproces. Het is daarom belangrijk om naar docenten te luisteren in hun behoefte aan 
professionele ontwikkeling. Onderwijsvernieuwingen kunnen alleen succesvol zijn als 
docenten voldoende gelegenheid krijgen om te ervaren dat een nieuwe manier van werken 
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In 2003 startte ik met een oriënterend vooronderzoek (pilotonderzoek) op het Ommelander 
College (nu Eemsdeltacollege) in Appingedam, gericht op het ontwerpen van een leerlijn 
statistiek voor leerlingen in het Voortgezet Onderwijs. Uiteindelijk leidde dit vooronderzoek 
naar het proefschrift dat er nu ligt, ruim 12 jaar later. Hoewel het onderzoek zich in eerste 
instantie richtte op het leren van leerlingen is de focus uiteindelijk meer op het leren van 
docenten komen te liggen. Deze docenten hebben vrijwillig deelgenomen aan mijn 
onderzoek, waarvoor ik ze zeer dankbaar ben. Harrie, Katie, Ton, Dineke, Henny en Reinoud, 
dank jullie wel voor jullie inbreng en deelname aan de netwerkbijeenkomsten op school. Ik 
heb onze samenwerking altijd zeer plezierig gevonden. Juist de verschillen tussen jullie, niet 
alleen voor de klas maar ook buiten de klas, hebben de inhoud van mijn proefschrift in grote 
mate bepaald. 
 
Uiteraard zijn er meer mensen die ik hier graag wil bedanken. Martin, jij bent mijn promotor. 
Ik heb erg veel van je geleerd. Je bent kritisch en nauwgezet en je hebt veel kennis. Als jij 
een artikel goed vond, dan was dat artikel ook goed. Je hebt veel verschillende artikelen van 
mij, en daarmee heel veel verschillende versies, doorgelezen en van commentaar voorzien. 
Dank je wel voor de fijne samenwerking. 
 
Anne, jij bent de initiator van dit onderzoek geweest in de tijd dat je hoogleraar bètadidactiek 
was. En dat niet alleen, daarvoor al mocht ik colleges bij jou volgen en daarna bij je 
afstuderen. Je bent niet alleen voor mij een voorbeeld, ik weet zeker dat je dat ook voor veel 
anderen bent. Het laatste jaar heb jij je iets meer op de achtergrond gehouden, maar als ik je 
nodig had dan was je er. 
 
Cor, door jouw nuchtere blik en je prachtige volzinnen werden manuscripten altijd beter. 
Heel erg bedankt dat je mee wilde denken en dat je altijd bereid was me te helpen. 
 
Bert, bedankt dat je me hebt geholpen met MEPA en dat je wilde meewerken aan het vierde 
artikel. 




In de loop van de jaren heb ik een aantal leidinggevenden gehad bij de universitaire 
lerarenopleiding.  
Jaap, jij was er één van. Je hebt altijd vertrouwen in me gehad, waar ik je voor wil bedanken. 
Je was niet alleen mijn leidinggevende, je was ook mijn opleider, samen met Anne. Bij jullie 
heb ik de leukste studietijd gehad en zeker de leukste colleges gevolgd (al is dat alweer een 
tijdje geleden)! 
 
Wim, jij moest ervoor zorgen dat het onderzoek weer op de rit kwam bij de lerarenopleiding. 
Daarmee zijn we op de goede weg. Het is fijn te weten dat jij en Klaas interesse en 
vertrouwen tonen, dank daarvoor. Je wekelijkse loopje door het gebouw moet je er dan ook 
zeker inhouden.  
 
En dan mijn collega’s. Ik houd ervan om samen te werken en in mijn werk bij de 
lerarenopleiding verloopt de samenwerking uitstekend. In het bijzonder noem ik mijn bèta-
collega’s, Gerrit, Jaap, Enno, Nataša, Jan en Deniz. We moeten echt vaker koffiedrinken! De 
andere collega’s zijn vlakbij, we deelden de gang en nu het gebouw. Fijn dat we geregeld 
kunnen overleggen.  
 
Gerrit, wij delen zelfs een kamer, zodat ik op elk moment van de dag tegen je aan kan 
kletsen. Jouw mening is erg waardevol voor me. Wij vinden altijd een manier om de taken te 
verdelen, zonder dat dit onenigheid oplevert. Ik vind het fijn dat je mijn kamergenoot en 
collega bent. We zien elkaar iets minder vaak nu, vanwege mijn baan als docent wiskunde op 
Het Hogeland College in Warffum. Het is altijd mijn wens geweest om (deels) terug te keren 
in het onderwijs en dat is wat ik nu, met veel plezier, doe.  
 
Greetje en Anita, het transcriberen van alle gesproken teksten was een enorme klus. De 
uitgeschreven teksten zijn zeer belangrijk geweest voor mijn onderzoek. Bedankt dat jullie 
me daarbij geholpen hebben. 
Misschien vergeet ik mensen persoonlijk te noemen, maar iedereen die in de afgelopen jaren 





Annet, wij zijn al vriendinnen vanaf ons derde jaar, toen jouw moeder je over de weg zette 
om met mij te spelen. Anita, wij leerden elkaar op de mavo kennen en waren onafscheidelijk. 
Ik kan me geen andere paranimfen voorstellen dan jullie. Bedankt voor jullie vriendschap. 
 
Jenny, Mignon, Gretha, Janine, Anneke, Jeanet, Marieke, Gerona en Ivonne, jullie zijn mijn 
(volleybal)vriendinnen. Of we nu gaan winkelen, een weekendje Vlieland of Schier of tafelen 
bij Willem, bij jullie is er altijd gezelligheid. Ik hoop dat we nog jaren in hetzelfde team bij 
DIO/Bedum mogen spelen! 
 
In mijn jeugd ben ik altijd gestimuleerd om de opleiding te volgen die ik wilde. Met name 
door mijn vader, die vroeger in zijn jeugd die kans niet heeft gehad. Hij zou zo trots zijn 
geweest¹. Mam, Harry en Geurt, bedankt dat we, samen met onze gezinnen, zo’n fijne familie 
zijn. Ook mijn schoonfamilie is altijd bereid om te helpen of bij te springen als dat nodig is. 
Bedankt daarvoor. Anders dan ik gehoopt had kan mijn schoonvader mijn promotie niet meer 
meemaken2. 
 
En ten slotte, Jurgen, Eliene, Yannick en Rosalie. Lieve Jurgen, je hebt altijd achter me 
gestaan en het mogelijk gemaakt dat ik extra kon werken. Je hebt regelmatig je werktijden 
aangepast om de kinderen op te vangen. Op die manier kon ik zonder schuldgevoel aan de 
slag. Ik ben je daar heel dankbaar voor. Eliene, Yannick en Rosalie, eindelijk is het boek af 
(“Zó, de héle dag gecomputerd!” en “Ga jij een boek schrijven dan? Komt die ook in de 










¹ Jan Hendrik Witterholt *30•08•1944  - †17•09•2011
2 Menno Norden *13•02•1933  - †12•01•2015 
